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INTRODUCTION. 


The  study  of  the  ground  water  of  Connecticut,  the  results  of  which 
are  presented  in  the  following  pages,  was  begun  in  1903  with  the  collec- 
tion and  examination  of  well  and  spring  records  and  was  continued 
at  intervals  during  1004  and  1905.  During  the  autunm  of  1905 
E.  E.  Ellis  cooperated  with  the  author  in  general  investigations,  and 
also  made  a  study  of  the  water  in  the  crystalline  rocks.  In  addition 
to  the  report  on  the  special  work  assigned  to  him,  Mr.  Ellis  has  pre- 
pared parts  of  the  chapters  on  occurrence  and  recovery  of  ground 
water,  on  character  of  water,  and  on  well  construction  and  has  assisted 
in  compiling  data  and  in  preparing  illustrations. 

For  information  regarding  chemical  analyses  thanks  are  due  to 
Prof.  Herbert  E.  Smith,  of  New  Haven,  and  Mr.  Gteorge  H.  Seyms,, 
of  Hartford. 

The  writer  wishes  to  express  his  great  indebtedness  to  the  well 
drillers  of  the  State,  who  have  freely  given  much  valuable  informa- 
tion regarding  the  occurrence  and  recovery  of  ground  water.  An 
imusual  amoimt  of  carefully  collected  data  has  been  furnished  by 
Messrs.  C.  L.  Grant,  of  Hartford;  F.  A.  Champlin,  of  East  Long- 
meadow,  Mass.;  C.  L.  Wright,  of  New  Haven;  R.  L.  Waterbury,  of 
Glenbrook;  H.  B.  King,  of  Hartford;  and  S.  B.  Hamilton,  of  Melrose, 
Mass. 
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UNDERGROUND  WATER  RESOURCES  OF  CONNECTICUT. 


By  Herbert  E.  Gregory. 


CHAPTER  I. 

GEOGRAPHY. 

TOPOGRAPHY. 

GENERAL  RELATIONS. 

In  its  physiographic  relations  Connecticut  is  part  of  the  New 
England  plateau,  which  is  characterized  by  complex  groupings  of 
hills  composed  of  igneous  and  metamorphic  rocks;  by  a  few  broad 
valleys  cut  in  softer  and  less  resistant  rock  material;  and  by  many 
narrow  vaUeys  intrenched  in  the  plateau,  and  in  the  main  occupied 
by  important  watercourses.  Other  topographic  features  date  from 
the  advent  of  the  great  ice  sheet  of  Pleistocene  or  ^'GlaciaP^  time, 
which  completely  remodeled  the  New  England  landscape,  accentu- 
ating or  subduing  the  previous  topography  and  originating  new  land 
forms.  The  plateau  is,  however,  so  dissected  as  to  present  the  appear- 
ance of  a  region  of  hills,  valleys,  and  narrow  plains,  differing  in  extent 
and  outline. 

Viewed  as  a  whole,  the  surface  of  Connecticut  is  a  plateau  sloping 
gradually  from  Cornwall  and  Goshen  southeastward  to  the  Sound. 
There  are  no  high  precipitous  mountains  or  sharply  cut  canyons,  but 
nevertheless  the  topography  is  rugged  beyond  the  average  of  regions 
of  slight  elevation  and  great  physiographic  age.  High  chffs  and  rock 
walls  are  exhibited  in  the  trap  of  the  central  lowland  and  along  cer- 
tain streams  in  the  highlands,  but  the  hilltops  are  on  the  whole 
rounded  and  the  ridges  show  a  tendency  to  a  north-south  alignment. 
The  character  of  the  rehef  and  the  prevalence  of  a  north-south 
arrangement  of  the  hills  are  well  shown  by  the  railroad  map  of  the 
State,  some  of  the  lines  occupying  north-south  valleys,  and  others 
crossing  the  ridges.  The  Highland  division  of  the  New  York,  New 
Haven  and  Hartford  Railroad  goes  through  the  narrow  defile  at 
Bolton  Notch,  over  the  pass  at  Terryville,  through  the  tunnel  at 
Newtown,  traversing  119  miles  from  Putnam  to  Danbury,  though 
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the  direct  distance  between  these  points  is  but  89  miles.  Likewise 
the  Central  New  England  Railway,  running  westward  from  Hartford, 
requires  67  miles  of  track  to  reach  the  New  York  state  line,  a  distance 
of  44  miles,  and  crosses  the  Highlands  at  Norfolk  Summit,  an  eleva^- 
tion  of  1,298.58  feet.  Norfolk,  2  miles  farther  west,  with  an  elevation 
of  1,210.7  feet,  is  the  highest  railroad  station  in  the  State.  The  ''Air 
Line"  of  the  New  York,  New  Haven  and  Hartford  Railroad  from 
Willimantic  to  Middletown  is  a  short  and  direct  east-west  route,  but 
its  construction  required  expensive  cuts  and  fills  and  bridges,  and 
the  grades  are  imsuitable  for  heavy  traflBc.  On  the  other  hand,  the 
Northampton  division  of  the  same  railroad,  extending  northward  from 
New  Haven  to  the  Massachusetts  line,  is  but  1  mile  longer  than  the 
distance  as  measured  on  a  map;  and  the  Hartford  division,  which 
traverses  the  lowland  from  New  Haven  to  Thompsonville,  exceeds  a 
direct  line  by  only  2  miles.  Even  in  the  heart  of  the  highland  areas, 
the  Central  Vermont  Railway  crosses  the  State  in  a  north-south 
direction  along  the  winding  courses  of  Shetucket  and  Willimantic 
rivers  with  but  8  miles  of  track  more  than  the  direct  distance.  In 
fact,  if  a  railroad  were  to  be  constructed  from  Putnam  in  a  straight 
line  westward  across  the  State  the  difficulties  of  operation  would  be 
scarcely  less  than  those  encoimtered  in  truly  moimtainous  districts. 

PHYSIOGRAPHIC  FEATURES. 

Physiographically,  Connecticut  may  be  divided  into  the  western 
highland,  occupying  that  portion  of  the  State  west  of  a  line  running 
from  New  Haven  to  North  Granby;  the  eastern  highland,  between 
Rhode  Island  and  a  line  through  Somers,  Rockville,  Glastonbury, 
Middletown,  and  Branford;  and  the  central  lowland,  occupying  the 
remainder  of  the  area.  (See  fig.  1.)  These  three  provinces  have 
characteristic  groupings  of  topographic  features  which  have  a  direct 
bearing  on  the  water  resources  of  the  State  and  which  have  been  the 
controlling  factors  in  its  settlement  and  industrial  history. 

THE   HIGHLANDS. 

Western  TiigJiland. — The  western  highland  increases  in  elevation 
from  the  Sound  northward  and  contains  areas  of  considerable  size 
over  1,000  feet  in  height.  In  Barkhamsted  the  plateau  reaches  an 
elevation  of  1,400  feet,  in  Colebrook  of  1,500  feet,  in  Goshen  and 
Cornwall  of  1,600  feet,  and  in  Norfolk  of  1,700  feet,  and  it  culminates 
in  Bear  Mountain,  Salisbury,  at  2,355  feet.  The  plateau  terminates 
abruptly  on  the  east  and  at  certain  points,  as  Compounce  Pond,  the 
rise  from  the  lowland  is  precipitous.  Differences  in  elevation  and  in 
character  and  prominence  of  rock  outcrops  and  the  presence  of 
numerous  valleys  of  widely  varying  depth,  width,  and  extent,  give 
the  highlands  an  appearance  of  great  complexity.     They  are  not. 
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however,  a  "region  of  disorderly  hills/ ^  but  have  been  controlled  in 
topographic  development  by  geologic  forces  whose  influence  was  felt 
throughout  southern  New  England.  It  was  noticed  by  Percival  ^ 
that  the  highlands  "may  both  be  regarded  as  extensive  plateaus," 


which  '*  present,  when  viewed  from  an  elevated  point  on  their  surface, 
the  appearance  of  a  general  level,  with  a  rolling  or  undulating  out- 
line, over  which  the  view  often  extends  to  a  very  great  distance, 
interrupted  only  by  isolated  summits  or  ridges,  usually  of  small  ex- 

a  Percival,  J.  Q.,  Report  on  the  geology  of  Connecticut,  1842,  p.  477. 
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tent/'  A  good  view  from  any  exposed  point  in  the  highlands  con- 
firms this  impression  of  a  plateau  surface  rather  than  a  confused 
mingling  of  hills.  As  concisely  stated  by  Professor  Rice:*  ''If  we 
should  imagine  a  sheet  of  pasteboard  resting  upon  the  summits  of 
the  highest  elevations  of  Litchfield  County  and  sloping  southeastward 
in  an  inclined  plane,  that  imaginary  sheet  of  pasteboard  would  rest 
on  nearly  all  the  summits  of  both  the  eastern  and  the  western  high- 
lands." Certain  mountains  project  above  the  general  level  of  the 
plateau  and  many  valleys  are  cut  below  it.  Owing  to  the  resistant 
character  of  the  rocks  composing  them,  Great  Hill,  Cobalt,  700  feet; 
Lantern  Hill,  Mystic,  520  feet;  Mount  Horr,  Canton,  880  feet;  Mount 
Prospect,  Litchfield,  1,365  feet;  Mount  Haystack,  Norfolk,  1,680  feet; 
and  other  points  stand  out  as  prominent  landmarks  above  the  general 
surface  at  their  base. 

The  origin  of  the  highland  plateau  is  revealed  by  an  examination 
of  the  composition  and  structure  of  its  basement  rock,  which  clearly 
shows  that  the  surface  as  it  now  exists  is  not  the  result  of  accumu- 
lation of  sediments  of  great  thickness.  The  bed  rock  of  the  high- 
lands is  not  sedimentary  nor  horizontal,  but  Ls  metamorphic  and 
igneous  rock  which  has  been  folded  and  twisted  and  injected,  and 
which  could  have  been  formed  only  at  a  great  depth  below  the  earth's 
surface.  Mountains  have  been  removed  from  western  and  eastern 
Connecticut,  and  the  remaining  rocks,  with  their  bewildering  com- 
plexity of  structure,  are  but  the  stumps  of  old  land  masses  which 
have  been  sawed  horizontally  across  by  the  agents  of  erosion.  If  the 
present  valleys  were  filled  and  a  few  projecting  hills  cut  down  the 
conditions  of  Cretaceous  time  would  be  restored  and  the  highlands 
would  appear  as  a  plain — the  result  of  long-continued,  ceaseless 
activity  on  the  part  of  rain,  frost,  and  streams. 

Eastern  highland, — The  counterpart  of  the  western  highland  is 
found  in  the  eastern  part  of  the  State,  but  the  eastern  highland  rep- 
resents much  less  contrast  in  relief  and  does  not  attain  such  altitudes. 
Practically  all  the  prominent  hills  and  ridges  in  this  province  are 
under  700  feet  in  height,  and  only  m  the  towns  along  the  Massachu- 
setts line  is  an  elevation  of  1,000  feet  attained,  the  culminating  points 
being  Rattlesnake  Hill,  Somers,  1,080  feet;  Bald  Mountain,  wSomers, 
1,120  feet;  Soapstone  Mountain,  Somers,  1,061  feet;  Hedgehog  Hill, 
Stafford,  1,180  feet;  Bald  Hill,  Union,  1,286  feet;  Stickney  Hill, 
Union,  1,220  feet;  Lead  Mine  Hill,  Union,  1,140  feet;  Snow  Hill, 
Ashford,  1,213  feet;   and  Hatchet  Hill,  Woodstock,  1,040  feet. 

Valleys  in  the  highlands. — The  valleys  Lii  the  highlands  are  those 
which  have  been  cut  since  the  formation  of  the  ])ene]Uain  (see  ]).  33), 
and  their  character  is  determined  by  the  rocks  which  thev  traverse 
and  by  the  age  and  size  of  the  streams  which  have  occupied  them. 


o  Rice,  W.  N.,  and  (JresoOS  ^l-  K-.  Miimial  of  CunniHticut  geology,  I'.XXi.  p.  2<). 
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The  western  highland  is  traversed  by  two  well-marked  valleys — those 
of  Housatonic-Norwalk  and  Naugatuck-Still  rivers,  which  inclose  a 
rectangle  of  the  highest  land  within  the  State.  These  valleys  are 
intrenched  400  to  600  feet  in  the  plateau  and,  although  not  occupied 
by  continuous  streams,  they  constitute  the  only  feasible  lines  of  com- 
munication between  the  northern  and  southern  parts  of  the  western 
highland.  The  two  valleys  are  coimected  by  the  gorgelike  trough  of 
the  Housatonic,  which  cuts  through  the  rock  ridges  with  a  fall  of  10 
feet  per  mile.  The  Housatonic  Valley  at  Danbury  and  at  Canaan  and 
the  Naugatuck-Still  Valley  at  Winsted  widen  into  undulating  plains. 
The  Farmington  Valley  through  the  highlands  is  a  gorge  less  than 
1,000  feet  in  width  below  Riverton,  and  still  narrower  at  Hartland, 
where  it  is  sunk  600  feet  below  the  plateau,  and  at  Satans  Kingdom 
it  is  barely  200  feet  wide.  Nearly  all  the  minor  streams  of  the  western 
highland  are  intrenched  in  fairly  narrow  valleys,  except  the  Pom- 
peraug,  which  meanders  freely  over  a  miniature  lowland  on  Triassic 
sediments. 

In  the  eastern  highland  the  valleys  entering  the  lowland  are  mostly 
short  and  narrow  and  of  high  gradient.  One  important  valley  gorge, 
now  occupied  by  Connecticut  River,  leads  from  the  central  lowland 
southeastward  to  the  Sound.  The  Thames  Valley  is  a  fiord  to  Nor- 
wich. Its  eastern  branch,  the  Quinnebaug,  is  a  steep-walled  valley 
to  South  Canterbury,  above  which  it  widens  into  a  plain  through 
Plainfield,  Killingly,  and  Putnam.  The  Shetucket-Willimantic  Val- 
ley is  broad  and  open  through  most  of  its  course,  as  are  also  its 
northern  branches,  which  divide  the  highland  into  segments. 

The  floor  of  the  highland  valleys  is  bed  rock,  till,  or  stratified  drift, 
no  stream  having  entirely  removed  the  cover  of  glacial  drift  along  its 
path.  Some  streams,  in  fact,  like  the  east  branch  of  the  Farmington, 
flow  through  almost  their  entire  courses  without  reaching  bed  rock. 

A  glance  at  the  topographic  map  shows  that  the  chief  valleys  trend 
either  north  and  south  or  northwest  and  southeast.  For  example, 
the  Housatonic  from  Gaylordsville  to  Derby,  the  Connecticut  from 
Middletown  to  Lyme,  the  Farmington  from  Colebrook  to  Farming- 
ton,  and  the  Shetucket  and  many  valleys  of  lesser  size  are  alike  in 
their  north-south  aUgnment.  The  upper  Connecticut,  the  WiUi- 
mantic,  the  Mount  Hope,  Little  River  (Windham  County),  and  sev- 
eral minor  streams  trend  in  a  common  direction.  There  is  nothing 
in  the  nature  of  the  rock  which  accounts  for  the  common  alignment 
of  these  two  groups  of  valleys  and,  if  only  present  geologic  conditions 
are  taken  into  account,  the  southeasterly  courses  of  the  Housatonic 
below  New  Milford  and  of  the  Connecticut  below  Middletown  are 
anomalous,  for  these  rivers  leave  well-developed  valleys  of  limestone 
and  sandstone  and  cut  their  way  through  the  most  resistant  gneisses 
and  schists.     There  seems  no  escape  from  the  conclusion  that  they 
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established  their  courses  on  an  ancient  coastal  plain  which  sloped  to 
the  southeast.  As  a  result  of  the  uplift  and  consequent  erosion,  the 
strata  forming  the  plain  have  been  removed,  but  the  streams  have 
maintained  their  original  directions,  cutting  valleys  deep  into  the 
rocks  of  the  plateau.     (See  p.  19.) 

It  has  been  shown  by  Hobbs  *  that  the  main  valley  lines  of  the 
State  coincide  in  direction  with  five  prominent  systems  of  joints  and 
faults  and  there  is  doubtless  some  genetic  relationship  between  the 
joints  and  the  trend  of  trough  lines. 

CENTRAL   LOWLAND. 

Extent  and  character. — ^The  central  lowland  differs  from  the  high- 
lands in  altitude,  character  of  bed  rock,  drainage,  and  types  of  hills 
and  valleys.  In  extent  it  is  coincident  with  the  larger  of  the  two 
areas  of  Triassic  sediments  within  the  State.  Except  in  the  lava 
ridges,  the  altitude  of  the  lowland  averages  about  100  feet  an<l  only 
In  the  region  south  of  Middletown  does  it  exceed  500  feet.  As  viewed 
from  the  highlands — for  instance,  at  Bald  Mountain,  Somers,  or  Box 
Mountain,  Bolton,  from  Bristol,  or  from  the  ridges  near  Canton — the 
lowland  surface  appears  as  a  plain  from  which  rise  ridges  of  lava. 
The  edges  of  the  highland  areas,  as  viewed  froiji  the  lowland,  present 
abrupt  walls,  as  seen  in  Southington  and  Somers,  or  steeply  rising 
slopes.  In  Glastonbury,  Middletown,  and  Branford  the  lowland 
merges  imperceptibly  into  the  highland. 

Lava  ridges, — ^The  most  marked  topographic  feature  of  the  lowland 
and,  in  fact,  of  the  entire  State,  is  the  series  of  basalt  ridges  which 
extend  from  North  Granby  to  East  Haven.  As  far  south  as  Meriden 
the  ridges  form  a  continuous  line  of  elevation  broken  only  by  ga])s 
and  passes.  From  the  Hanging  Hills  this  ridge  line  passes  by  a  series 
of  rough  steps  to  Beseck  Mountain  and  thence  continues  southward 
as  Totoket  and  Saltonstall  ridges. 

The  most  prominent  parts  of  this  ridge  system  are  Peak  Mountain, 
665  feet;  Talcott  Range,  the  highest  point  of  which  is  960  feet; 
Rattlesnake  Mountain,  750  feet;  Ragged  Mountain,  754  feet;  Hang- 
ing Hills,  700  to  1,000  feet;  Lamentation  Mountains,  654  and  725 
feet;  Higby  Mountain,  920  feet;  Beseck  Mountain,  840  feet;  Pista- 
paug  Mountain,  640  feet;  Totoket  Mountain,  780  feet;  Saltonstall 
Ridge,  240-245  feet.  The  culminating  point  is  West  Peak,  Meriden, 
1,007  feet,  which  is  fully  up  to  the  level  of  the  highlands  and  furnishes 
a  magnificent  view  of  the  Farmington-Quinnipiac  Valley  and  the 
Wolcott  Plateau  beyond.  The  ridge  of  lava  faces  westward  as  a 
bold  escarpment,  but  slopes  gently  to  the  east,  where  it  merges  into 
the  lowland  floor.  Breaks  through  the  ridge  formed  by  streams  or 
by  faults  furnish  passes  for  railroads  at  TarifTville,  New  Britain, 
Meriden,  and  Bailey  ville. 


o  Hobbs,  W.  H.,  River  system  of  Connecticut;  Jour.  Gniiogy,  vol.  ;>,  lOOI,  pp.  4t>d-4S^">. 
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Farmington  and  Connecticut  valley  lowlands, — ^The  central  ridge  of 
lava  forms  a  conspicuous  and  effective  line  of  demarkation  between 
the  two  parts  of  the  central  lowland — the  Connecticut  Valley  and 
the  Farmington-Quinnipiac  Valley. 

The  Connecticut  Valley  area  from  Thompsonville  to  Middletown 
is  practically  a  plain  of  drift  and  till  5  to  10  miles  in  width  and  with 
differences  in  elevation  of  less  than  200  feet.  South  and  west  of 
Middletown  the  valley  area  passes  by  gradual  stages  into  the  eastern 
highland  and  the  central  ridges.  The  elevations  in  the  Connecticut 
Valley  lowland  are  drumlins  and  other  glacial  deposits  and  till- 
covered  sandstone  knolls.  The  streams  tributary  to  the  Connecticut 
are  ditches  cut  into  glacial  deposits.  The  Scantic,  Podunk,  Hock- 
anum,  and  others  seldom  reveal  rock  floor;  Stony  Brook  (SuflSeld) 
is  the  type  of  a  few  streams  which  have  cut  through  the  drift  to  the 
sandstone  below. 

The  Farmington-Quinnipiac  Valley  extends  from  New  Haven 
northward  across  the  State  and  is  bounded  on  the  west  by  the  steep 
edge  of  the  western  highland  and  on  the  east  by  the  broken  wall  of 
the  central  ridge.  It  is  occupied  by  three  rivers — the  Farmington, 
QuinnipiaC;  and  Mijl  (New  Haven) — all  of  which,  in  common  with 
their  tributaries,  flow  almost  entirely  on  glacial  drift.  From  the 
floor  of  the  Farmington-Quinnipiac  Valley  rise  a  number  of  trap 
hills  which  break  the  continuity  of  the  plain.  The  most  prominent 
of  these  are  the  Barndoor  Hills,  600  to  700  feet;  Mount  Carmel,  737 
feet;  West  Rock,  405  feet;  and  East  Rock,  359  feet.  The  level, 
drift-filled  floor  of  this  valley  lowland,  together  with  the  slight, 
difference  in  elevation  between  New  Haven  and  the  Congamuck 
ponds,  made  the  valley  an  attractive  route  for  a  canal,  which  was 
built  in  1829  and  was  later  succeeded  by  the  Northampton  Railroad. 

COAST   LINE. 

The  coast  line  is  much  indented  and  presents  a  multitude  of  bays, 
headlands,  points,  inlets,  and  marshes.  Rock  islands  occur  in 
groups,  as  at  Norwalk  and  off  Branford,  or  are  scattered  irregularly 
along  the  shore.  Westward-moving  tides  and  currents  have  built 
innumerable  beaches,  bars,  and  spits  along  the  coast,  thus  greatly 
modifying  its  original  outline.  The  character  of  the  coast  is  due  to 
the  fact  that  the  land  has  been  depressed,  allowing  the  sea  water 
to  enter  the  old  valley  now  constituting  Long  Island  Sound  and  to 
drown  the  irregular  southern  edge  of  the  denuded  peneplain. 

DRAINAGE. 

Connecticut  is  drained  largely  by  streams  which  rise  within  its 
borders.  Only  two  streams  of  large  size — the  Connecticut  and  the 
Housatonic — carry  water  from  lands  beyond  the  State,  and  the 
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Massachusetts  section  of  the  Housatonic  serves  but  a  small  area. 
The  three  mam  river  systems  are  the  Housatonic,  the  Connecticut, 
and  the  Thames,  which  drain,  respectively,  1,272,  1,443,  and  1,164 
square  miles,  or  altogether  78  per  cent  of  the  surface. 

Of  the  streams  which  enter  Long  Island  Sound  independently — 
the  Byram,  Mianus,  Mill  (Stamford),  Norwalk,  Saugatuck,  Mill 
(Fairfield),  Poquonock,  Wopowaug,  West,  Mill  (New  Haven),  Quin- 
nipiac,  Hammonassett,  Niantic,  Mystic,  Pawcatuck,  and  certain 
smaller  ones — the  Quinnipiac,  35  miles  long,  is  the  only  one  over  20 
miles  in  length,  and  all  have  small  drainage  basins. 

In  a  number  of  places  the  divides  between  adjoining  drainage 
areas  are  ill  defined  and  a  few  stream  systems  coalesce.  Thus  the 
limestone  valley  extending  from  New  Preston  to  Bedford,  N.  Y.,  an 
area  of  slight  relief,  is  drained  by  five  streams  that  have  independent 
outlets  to  the  sea — the  Mianus,  Norwalk,  Saugatuck,  Housatonic, 
and  the  Ooton  (a  tributary  to  the  Hudson).  Ldkewise  the  Quine- 
baug,  Bigelow  Brook,  the  Natchaug,  and  the  Shetucket  together 
form  a  closed  ring  of  water  surrounding  ten  towns  in  the  north- 
eastern part  of  the  State. 

The  lower  ends  of  the  streams  entering  the  Sound  are  drowned, 
and  the  tides,  4  to  7  feet  in  height,  reach  up  these  streams  to  a 
greater  or  less  distance.  For  example,  the  Ck)nnecticut  is  tidal  to 
Hartford,  44  miles;  the  Thames  to  Norwich,  15  miles;  the  Housatonic 
to  Derby,  11  miles;  the  Quinnipiac  to  Quinnipiac,  10  miles.  Accord- 
ingly the  lower  reaches  of  the  streams  along  the  coast  line  are  of 
no  value  for  water  supplies. 

The  streams  of  the  highlands  have  steep  gradients  and  their  flow 
is  interrupted  by  numerous  waterfalls  and  rapids.  This  is  particu- 
larly true  of  the  streams  entering  the  central  lowland  and  of  small 
streams  in  general.  Thus,  the  Farmington  from  Cold  Spring,  Mass., 
to  New  Hartford  falls  29.76  feet  to  the  mile;  the  Shepaug  descends 
at  the  rate  of  30.5  feet  to  the  mile,  making  one  drop,  at  Bantam,  of 
108  feet  in  less  than  three-quarters  of  a  mile;  Moodus  River  falls 
350  feet  in  2  miles.  Even  the  Housatonic  falls  3.5  feet  to  the  mile 
from  Stratford  to  Shepaug;  10.2  feet  to  the  mile  from  Shepaug  to  a 
station  1.8  miles  above  Cornwall  bridge;  19.4  feet  to  the  mile  from 
this  last-named  point  to  Falls  Village;  and  9.2  feet  to  the  mile  from 
Falls  Village  to  Ashley  Falls,  one-half  mile  north  of  the  Ck)nnecticut 
boundary  line.  The  descent  of  the  Housatonic  is  accomplished  by 
stretches  of  gravelly  rapids  alternating  with  reaches  of  relatively 
quiet  water,  but  at  New  Milford,  Bulls  Bridge,  and  Falls  Village 
there  is  an  abrupt  drop  over  rock  ledges.  At  Falls  Village  the  com- 
bined height  of  the  falls  is  about  100  feet.® 

•  Porter,  Dwigbt,  Report  on  water  power  of  the  region  tributary  to  Long  Island  Sound:  Tenth 
Ceosus,  vol.  le,  1885. 
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The  streams'  of  the  lowland  area  have  slight  fall  and  in  some 
places  are  aggrading  their  vaDeys.  The  Scantic,  Hockanum,  Farm- 
ington,  Pequabuck,  Mill  (New  Haven),  Farm,  and  others  are  sluggish 
streams  which  meander  freely.  The  Quinnipiac,  with  a  drainage 
basin  of  156  square  miles  and  a  length  of  35  miles,  falls  5  feet  to  the 
mile  from  Plantsville  to  New  Haven.  The  Connecticut  has  a  fall  of 
only  0.6  foot  to  the  mile  from  Enfield  Rapids  to  Hartford;  and  from 
Hartford  to  Saybrook  no  fall  whatever.  The  entire  f aD  of  Connecticut 
River  in  crossing  the  State  in  the  lowlands  is  about  30  feet,  as  com- 
pared with  the  fall  of  Housatonic  and  Willimantic-Shetucket-Thames 
rivers  in  the  highlands — 650  and  600  feet,  respectively.  There  are, 
however,  many  waterfalls  and  rapids  of  considerable  size  and  great 
picturesqueness  along  the  streams  of  the  central  lowland. 

Lakes,  swamps,  and  salt  marshes  occupy  145  square  miles  of  the 
State,  the  topographic  map  showing  1,026  lakes,  the  largest  of  which 
is  Lake  Bantam,  with  an  area  of  1.56  square  miles,  or  999  acres. 
Swamps  are  even  more  abundant  than  lakes,  and  if  the  smaller, 
partly  drained  ones  are  taken  into  account  they  number  several 
thousand.  The  importance  of  these  water  bodies  is  evident.  They 
furnish  supplies  for  cities,  add  greatly  to  the  beauty  of  the  landscape, 
and  are  particularly  effective  in  controlUng  the  drainage,  serving  as 
reservoirs  to  retard  the  escape  of  rainfall  and  thus  preventing  destruc- 
tive floods. 

A  glance  at  the  map  of  Connecticut  will  show  that  the  drainage  is 
to  the  southeast  and  that  the  streams  flow  in  accord  with  the  general 
slope  of  the  plateau,  but  even  a  superficial  glance  reveals  the  fact 
that  not  all  the  larger  streams  are  in  the  prominent  valleys  and  that 
many  occupy  positions  where  the  bed  rock  is  unfavorable  for  valley 
development.  The  Coimecticut,  for  instance,  instead  of  following  the 
sandstone  to  New  Haven,  leaves  the  lowland  at  Middletown  and  turns 
abruptly  into  the  crystalline  rocks  of  the  highlands,  through  which 
it  has  cut  a  deep  gorge.  Likewise  the  Housatonic,  which  follows  a 
Umestone  valley  down  to  Still  River,  turns  southeastward  across 
rugged  crystalline  rocks  instead  of  continuing  in  the  valley  indica^d 
by  rock  structure.  The  same  is  true  of  a  number  of  smaller  streams. 
AnomaUes  of  another  class  are  illustrated  in  the  arrangement  of  cer- 
tain smaller  streams  whose  direction  and  grade,  as  well  as  character 
of  valley,  are  entirely  out  of  accord  with  the  present  topography. 
For  example.  Still  River  at  New  Milford  and  a  stream  of  the  same 
name  at  Winsted  flow  in  a  direction  contrary  to  the  slope  of  their 
valleys  and  enter  their  master  streams  by  dropping  over  falls.  The 
Farmington  follows  the  slope  of  the  ancient  peneplain  from  Colebrook 
River  to  Farmington,  there  turns  northward,  cuts  through  a  trap 
ridge  at  Tariffville,  and  finally  reaches  the  Sound  after  flowing  a  dis- 
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tance  of  103  miles  instead  of  the  necessary  64  miles  to  New  Haven  or 
74  miles  by  way  of  the  Connecticut  at  Middletown. 

Without  going  further  mto  detail,  it  may  be  stated  that  the  char- 
acteristic features  of  the  present  drainage  are  due  to  two  main  causes. 
First,  the  streams  were  established  on  a  peneplain  during  Cretaceous 
time  and  followed  the  slope  to  the  south  and  southeast  regardless  of 
the  character  of  the  underlying  rocks.  The  Connecticut,  Housatonic, 
and  other  streams  have  maintained  this  inherited  position.  Second, 
the  entire  drainage  of  the  State  has  been  modified  by  glaciation.  The 
courses  of  some  streams  have  been  reversed,  other  streams  have  been 
cut  in  two,  and  still  others  have  been  entirely  obliterated  or  are  rei>- 
resented  by  lakes  and  swamps.  In  fact  a  widespread  rearrangement 
of  streams  as  to  direction  and  grade  has  been  brought  about. 

FORESTS. 

The  distribution  of  forests  in  the  State  follows  closely  the  subdivi- 
sions into  highland  and  lowland  areas.  The  eastern  and  western  high- 
lands are  largely  forest  covered,  and  in  recent  years  the  forest  areas 
have  been  encroaching  on  the  agricultural  districts.  In  the  central 
lowland  the  soil,  transportation  facilities,  and  nearness  to  market 
render  agriculture  more  remunerative,  and  the  forests  are  represented 
by  small,  scattered  wood  lots.  Taken  as  a  whole,  Coimecticut  is  a 
well-timbered  country,  39  per  cent  of  its  area  being  covered  with 
trees. 

CLJMATE. 

METEOROLOGICAL    DATA,  a 

Sixteen  climatological  stations  are  maintained  by  the  United  States 
Weather  Bureau  in  Connecticut — at  Bridgeport,  Canton,  Colchester, 
Cream  Hill,  Danielson,  Hartford,  Hawleyville,  New  Haven,  New  Lon- 
don, North  Grosvenordale,  Norwalk,  Southington,  Storrs,  Torrington, 
Voluntown,  and  Waterbury.  In  Falls  Village,  Middletown,  South 
Mfmchester,  WaUingford,  and  West  Simsbury  record  is  kept  of  rainfall 
and  temperature. 

The  following  tables  and  figures  2,  3,  and  4  present  data  collected 
at  three  selected  stations ;  one  in  the  eastern  highland — Storrs,  at  an 
elevation  of  640  feet;  one  in  the  central  lowland — New  Haven,  eleva- 
tion 25  feet;  and  the  third  in  the  western  highland — Cream  Hill, 
elevation  1,300  feet.  The  tables  for  the  New  Haven  station  give 
records  of  rainfall,  temperature,  humidity,  and  wind  velocity,  which 
are  controlling  factors  in  ground-water  supply. 

a  From  United  States  Weather  Bureau  records. 
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Frecipitatian  (in  inches)  at  Storra,  1897-1906. 
[Elevation,  640  feet.] 


Year. 

Tan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Auk. 

Sept. 

Oct. 

Nov. 

Deo. 

AnnuaL 

1897 

3.84 
4.70 
3.70 
3.42 
2.17 
2.53 
3.79 
4.55 
3.57 
3.16 

3.40 
4.03 
3.97 
7.31 
1.05 
6.11 
5.18 
2.80 
1.21 
2.68 

3.66 
3.00 
6.30 
6.73 
7.18 
6.35 
7.09 
3.31 
3.45 
5.46 

2.37 
4.44 
2.20 
2.67 
9.51 
3.88 
2.81 
6.40 
2.87 
4.40 

4.44 

3.81 
1.27 
4.91 
6.30 
1.50 

.50 
1.96 

.90 
5.87 

2.79 
2.48 
3.72 
4.32 
1.96 
3.24 
9.24 
2.53 
4.53 
2.18 

12.24 
6.24 
5.55 
2.76 
&54 
7.48 
4.56 
1.85 
1.77 
5.03 

5.23 
5.87 
3.27 
2.03 
7.58 
2.17 
4.52 
6.00 
2.63 
2.16 

1.39 
2.22 
3.31 
2.27 
4.33 
7.05 
1.81 
4.71 
5.79 
2.05 

0.92 
6.18 
1.54 
3.00 
1.97 
5.68 
2.79 
2.19 
2.57 
4.85 

7.14 
6.11 
2.10 
6.79 
3.04 
1.10 
1.95 
1.47 
2.73 
2.39 

6.61 
1.96 
2.14 
2.22 
9.55 
6.86 
4.27 
2.42 
4.12 
2.80 

53.03 

1808 

51.13 

1800 

39.13 

1900 

48.43 

1901 

60.18 

1902 

63.75 

1903 

48.51 

1904 

4a  19 

1905 

36.14 

1906 

43.63 

Mean 

3.54 

3.67 

5.25 

4.16 

3.15 

3.70 

5.30 

4.15 

3.49 

3.17 

3.48 

4.10 

47.16 

Winter. 

Spring. 

Summer. 

Fall. 

Mean  for  season 

11.31 

12.56 

13.15 

10.14 

1891 
1892 


1894 
1896 
1896 
1897 
1S98 
1899 
1900 
1901 
1902 
19U:^ 
19(M 
1905 
19(Kl 


Jan. 
Feb. 
Mar. 
Apr. 
May 
Jane 
July 
Aug. 
Sept 
Oct 
Nov. 
Dec 


10 


20 


-3.64- 
-3.67- 
-5.26- 
-4.16- 
-3.16- 
-3.70- 
-6.30- 
-4.15- 
-3.49- 
-3.17- 
-3.48- 
-4.10- 


30 


40 


50 


60 


Annual  precipitation,  1890  to  1906 


Mean  monthly  precipitatioi^  1897  to  1906 


nual  precipitation 


Mean  annual  precipiUtion,  1897  to  1906 


Mean  seasonal  precipitation,  1897  to  1906 


70 


-53.03 
-51.13 
-39.13 
-48.43 
-60.18 
-53.76 
-48.61 
-40.1» 
-36.U 
-43. 


-47.16- 


FiQUBE  2.— Diagram  showing  precipitation,  In  Inches,  at  Storrs. 
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UNDERGROUND   WATER   RESOURCES  OF   CONNECTICUT. 


Precipitation  (in  inches)  at  New  Haven^  1897-1906. 
[Elevation,  25  feet.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

5.72 
5.60 
1.89 
4.14 
1.61 
.79 
1.85 
1.96 
1.53 
2.42 

Dec. 

Anp^ml 

1897 

3.85  !  2.00 
4.90     4.55 
4.33     3.39 
3.C0     6.39 
1.38       .54 
1.83     3.58 
3.17     3.98 
2. 78     2. 62 
4.14     2.06 
3.20  j  2.46 

3.66 
2.54 
7.28 
4.21 

2.44 
4.43 
1.79 
1.95 

5.03 
8.03 
6.62 
3.30 

2.47 
.21 
2.69 
1.79 
.25 
4.35 
7.41 
2.46 
5.87 
5.14 

10.63 
5.03 
4.17 
2.28 
4.40 
3.26 
2.17 
2.08 
2.86 
5.62 

6.81     2.42 
6.65     2.30 
.65     3.33 
.90     2.10 
6.92     5.70 
2.14     5.84 
6.96     2.20 
6.27     4.96 
7.20  1  5.07 
1.13  1  4.82 

1.25 
7.22 
1.78 
2.03 
2.95 
6.41 
2.94 
2.21 
2.21 
7.44 

5.61 
2.11 
1.56 
2.14 
7.65 
6.49 
2.53 
3.64 
4.83 
4.18 

57.80 

1898 

1899 

1900 

3&.2S 

34.83 

1901 

5.80  '  9.03  i  6.38 
4.(>3     3.40  1  1.61 

68.81 

1902 

44.33 

1903 

5.09 

2.61  i     .31 

41.22 

1904 

3.28 
2.96 
5.67 

6.64 
3.42 

4.48 

2.W 
1.18 
4-75 

41.73 

1905 

1906 

43.33 
61.30 

Mean 

3.32 

3.15     4.51     4.02 

3.91  1  3.25 

4.25     4.56    3.87 

3.64 

2.76  1  4.07 

4&31 

Mean  for  season. 


Winter.     Spring. 


10.54  12.44 


Summer.       Fall. 


12.06 


lar 


10 


20 


30 


40 


SO 


60 


70 


1890 
1891 
1892 
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1895 
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1897 
1898 
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1900 
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Figure  3.  -Diagram  showing  proclpltation.  In  inches,  at  New  Haven. 
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The  average  precipitation  at  New  Haven  for  thirty  years  ending 
December  31,  1&03,  was  as  follows: 

Average  precipitation  at  New  Haven  for  thirty  years  ending  December  Ji,  1903. 


Inches. 

January 4.03 

February- 4. 02 

March 4.51 

April 3.45 

May 3.71 

June 2. 97 

July 5.01 

August 4. 81 

September 3.66 

October 4.28 


Inches. 

November 3.  73 

December 3.  79 


Annual 47.97 

Mean  for  season: 

Winter , 11.84 

Spring 11.67 

Summer 12.79 

Fall 11.67 


^^0                 10                 »                 30                40                 50                60                71 

1890 

1891 

1892 

1893 

1894 

1895 

IcSiD 

1897 
1886 
1899 
1900 
1901 

s 

^ 

^ 

^g 

49.32- 

48.24— 

37.64— 

46.17— 

56.94— 

1902 
1908 
1904 
1906 
1906 

^s 

= 

Annual  pr 

eeipttatkm.  1 

897  to  1906 

•-61.43— 

66.86— 

48.20— 

46.75— 

46.31- 

Jsn. 
Feb. 
Mar. 

Apr. 
May 
June 
July 
Aug. 
SepL 
Oct 
Nov. 
Dec. 

B^B 

^^ 

3.41 

A  nn 

^^^ 

^* 

^^^^ 

4.13  ■ 

•■^ 

55^ 

O.WJ 

^^^ 

*.*4 

^^^^ 

4.6D 

5? 

^^ 

A  OO 

MeanmonU 

on,  1897  to  1 
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■ 11.20" 

Ifeanaeaaor 

m.  1897  •  19i 
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FiouBE  4.— Diagram  showing  precipitation,  In  Inches,  at  Cream  nUl. 
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TJNDEROROUNB  WATER  RESOtrBCES  OP  CONNECTICUT. 


Fr^npiUUion  {in  inehts)  at  Qream  Hill,  1897-1906, 
[Elevation,  1,300  feet.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

«... 

June.  July. 

Aug. 

Sept.  1  Oct. 

Nov. 

Dec  Annual 

1897 

1898 

1899 

1900 

3.54 
3.52 
3.47 
2.82 
1.52 
3.26 
3.93 
4.09 
6.91 
2.41 

2.21 
3.68 
4.13 
6.97 
.84 
4.90 
4.97 
3.13 
1.68 
2.55 

2.09 
2.37 
6.84 
3.84 
7.33 
4.68 
4.94 
4.46 
3.12 
4.06 

3.16 
4.31 
1.47 
1.95 
6.83 
4.76 
3.20 
3.12 
2.74 
3.67 

4.22 
6.70 
1.76 
5.13 
6.90 
2.99 
1.30 
4.28 
2.35 
6.61 

6.15 
2.87 
3.39 
4.42 
1.60 
5.06 
9.74 
3.52 
3.90 
6.60 

9.71 
1.79 
6.70 
6.09 
4.67 
9.40 
4.07 
6.16 
6.83 
6.47 

5.28 
6.77 
1.11 
2.18 
6.97 
4.70 
5.65 
3.89 
4.71 
3.14 

2.85 
4.25 
4.21 
1.75 
4.52 
7.83 
2.85 
7.90 
6.83 
3.58 

1.04 
3.35 
1.67 
2.73 
4.37 
5.42 
6.39 
2.71 
2.90 
4.02 

5.64 
6.46 
1.59 
5  29 

4.63 
2.17 
2.21 

49.32 
48.24 
37.54 
45  17 

1901 

3.26  t  8-U 

56.94 

1902 

.75 
3.10 
1.24 
2.19 
1.36 

7.68 
6.65 
3.09 
2.59 
3.84 

01.43 

1908 

66.85 

1904 

48.20 

1905 

1906 

45.75 
46.31 

Mean 

3.61 

3.41 

4.27 

3.52 

4.13 

4.63 

6.08 

4.44 

4.66 

3.46 

3.08 

4.39 

49.56 

^     

Winter. 

Spring. 

Summer.' 

1 

15.05  : 

Fall. 

Mean  for  season 

11.41 

11.92 

11.20 

1 

The  average  precipitation  recorded  at  ten  stations  in  Connecticut 
for  the  years  1893-1903  is  as  follows: 

Average  precipitation  at  ten  stations  in  Connecticut y  1893-1 90S. 

Inches.  Inches. 

January 4.  28     November 4.  48 

Februar>' 3.  94     December 3.  44 

March 4.23 

April 3.53 

May 4.03 

June 2.95 

July 4.42 

August 4.30 

September 3.  34 

October 4.04 


Annual 46.98 

Mean  for  season: 

Winter 11.  66 

Spring 11.  79 

Summer 11.  67 

Fall 11.86 


Monthly  and  annual  temperature  (°F.)  at  Starrs,  189S-190S. 
(Elevation,  640  feet.] 


Jan. 

Feb. 

Mar. 

Apr. 

46 
48 
42 

May.  June.;  July. 

56  ^      64  !      69 
60  1      68  1      72 

54         59         65 

I            1 

Aug. 

Sept. 

Oct.    Nov.    Dec. 

Mean 

Highest  monthly 
mean 

Lowest  monthly- 
moan 

24 

28 
17 

28 
19 

36 
43 
29 

68 
70 
62 

61 
64 

56 

50         38         30 
54         44         33 

45  j      34         23 

Mean  for  season . 

' 

Winter.      Spring.     Summer. 

:6  '             -If)  '             07 

1 

1 

Annual 


FaU. 


50 
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Monthly  and  annual  temperature  CF.)  at  New  Haven f  1873-190^, 
[Elevation,  25  feet.] 


Jan. 

Feb. 

Mar. 

Apr. 

May.  1  June. 

July. 

Aug. 

Sept 

Oct.    Nov. 

Dec. 

Annual. 

Mean 

28  1      29 
37  i      3ft 

35 
45 
27 

1                    1 

46  i      58  1      fift 

72 
76 
68 

70 
73 
65 

64 
70 
59 

53 

58 
48 

41 
47 
34 

32 

m 

Highest   monthly 
Tnwm.. 

52 
39 

64 
51 

71 
61 

39     

Lowest    monthly 
mean 

20 

^ 

26! 

Mean  for  season. 


Winter.     Spring.    Summer.      Fall. 


30 


46 


53 


For  thirty-one  years  the  highest  temperature  at  New  Haven  was 
100^,  in  September,  1881,  and  the  lowest  was  14°  below  zero,  in  Jan- 
uary, 1873. 

Monthly  and  annual  temperature  (°-F.)  at  Cream  Uill^  1897-1907. 
[Elevation,  1,300  feet.] 


Jan. 

Feb. 

Mar. !  Apr. 

iMa.. 

June. 
64.0 

July. 

1 
Aug.  Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

Mean... 

23.1 

22.0 

32.9 

44.0 

1  56.0 

69.4 

66.6    61.4 

51.0 

36.7     26.0 

/6 

Highest 

monthly 

1 

1 

mean. 

30.2 

26.6 

39.2 

45.4 

i  59.0 

66.0 

72.1 

70.6     64.6 

54.6 

42.4 

29.7 

Lowest 

monthly 

1 

mean. 

17.3 

16.3 

26.0 

40.6 

1  53.8 

60.0 

66.1 

61.2 

1 

58.6 

47.6 

1  32.2 

21.4 

Mean  for  season . 


Winter. 


23.7 


Spring. 


Summer. 


Fall. 


49.7 


Mean  relative  humidity  (per  cent)  at  New  Havens  1901-1906. 


Year. 

Jan. 

72 

Feb. 
62 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1901 

74 

77 

79 

70 

80 

83 

80 

76 

67 

77 

75 

1902 

...       70 

69 

76 

69 

65 

71 

77 

75 

84 

78 

79 

72 

74 

1903 

71 

73 

78 

65 

65 

82 

73 

79 

79 

79 

.68 

69 

73 

1904 

...I      72 

67 

72 

70 

69 

75 

75 

77 

80 

68 

72 

70 

72 

1905 

...       68 

63 

71 

66 

71 

74 

76 

81 

80 

71 

67 

70 

72 

1906 

...       74 

69 

69 

63 

70 

75 

82 

81 

77 

76 

67 

72 

73 

Mean 

...       71 

1 

67 

73 

68 

70 

75 

77 

79 

80 

75 

70 

71 

73 

Mean  for  season . 


winter.  |  Spring.    Siunmer. 


70 


,1 


Fall. 
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Mean  relative  humidity  {per  cent)  at  New  Haven  for  fifteen  years  ending  in  1903. 


Time. 

Jan. 

Feb. 

Mar. 

71 
09 

Apr. 

May. 

77 
76 

June. 

78 
78 

July. 

80 
78 

Aug. 

Sept. 

Oct.  1  Nov. 

76        75 
74        72 

Dec. 

76 
72 

Annual. 

8  a.  m 

8p.m 

74 
71 

73 
72 

74 
74 

80 
80 

78 
76 

76 
74 

Average  velocity  {miles  per  hotir)  and  direction  of  wind  at  New  Haven^  1900-1905. 


Year. 

Jan. 

Feb. 

Mar. 

1900— Vel 

10.1 

11.3 

ia6 

Dlr 

N. 

W. 

N. 

1901- Vel 

9.9 

11.2 

11.0 

•  Dlr 

N. 

NW. 

NW. 

19a2-Vel 

9.8 

13.0 

11.4 

Dlr 

NW. 

W. 

N. 

1903-Vel 

10.2 

10.0 

9.6 

Dir 

N. 

w. 

NE. 

1904— Vel 

10.3 

10.6 

10.1 

Dir 

N. 

N. 

NW. 

1905- Vel 

11.2 

10.7 

8.2 

Dlr 

N. 

W. 

N. 

Mean— Vel.  I  10.3 

Dlr.     N. 


11.1 
Vi. 


Apr.    May. ,  June. 


8.8 
SW. 

7.8 

S. 

8.4 
SW. 

8.5 
NE. 

8.2 

S. 

7.8 

S. 


9.5 

9.1 

N. 

8W. 

13.3 

9.8 

NE. 

8. 

9.9 

9.2 

S. 

8W. 

11.7 

8.0 

N. 

S. 

10.7 

8.2 

NW. 

S. 

10.1 

9.0 

NW. 

S. 

10.1  I 

N. 


10.9       8.9 


8.3 


July. 

Aug. 

8.1 

7.1 

aw. 

8W. 

6.8 

6.9 

SW. 

8. 

7.2 

7.2 

8W. 

NW. 

7.8 

7.3 

8W. 

8.2 

8. 

7.8 

8. 


N. 

7.7 
8. 
7.9 
SW. 


8.1 
SW. 

7.1 
SW. 

8.4 

N. 

7.9 

SW. 

8.3 

N. 
8.3 

N. 


7.7 


7.4 


^^-  (sw. 

I 


8.0 
N. 
8W. 


Oct.  I  Nov.    Dec.  Annual. 


9.0 

N. 
8.6 
N. 

8.2 

.N 
11.3 
N. 
9.6 

N. 
8.6 

N. 


10.7 

8.9 

N. 

SW. 

10.2 

10.4 

NW. 

N. 

9.4 

10.8 

N. 

N. 

8.4 

10.9 

N. 

W. 

9.0 

10.7 

NW. 

N. 

9.8 

9.7 

NW. 

SW. 

9.2 


9.6     10.2 

N. 


>■  ,{nw.}n. 


9.3 
S.W^ 

9.4 
N. 

0.4 
N. 

9.3 
N. 

9.3 
N. 

9.1 
N. 


0.3 


N. 


Winter.     Spring.     Summer.'     Fall. 


Mean  f6r  season— Vel. . 
Dlr. 


10.5 
N. 


10.0 
N. 


f  8. 
\8W. 


7.8  S.9 

}     K. 


Prevailing  winds  at  New  Haven  for  thirtif-one  years. 

January North.  August South. 

February North.  September Southwest. 

March Northwest .  |  October North . 


April Northwest. 

May South. 

June South. 

July South. 


November North . 

December North. 

Annual North. 


SUMMARY. 

The  foregoing  tables  indicate  that  the  climate  of  Connecticut 
possesses  both  continental  and  oceanic  features  directly  related  to 
the  highlands  and  to  Long  Island  Sound.  The  winters  are  long  and 
severe;  the  summers  are  short,  beginning  abruptly  in  June  and  pass- 
ing gradually  into  winter  through  autumn.  Areas  of  high  and  low 
barometer  which  affect  the  weather  of  the  State  pass  to  the  north 
down  the  St.  LawTence  Valley,  along  the  coast  or  directly  across  the 
State.  Precipitation  is  uniformly  abundant,  and  excessively  drj' 
years  are  unknown.  There  has  been  little  change  in  the  annual 
amount  of  rain  for  one  hundred  years,  and  the  variaticm  in  seasonal 
amount  is  slight.  (See  figs.  2  to  4.)  In  fact,  Connecticut  may  well 
serve  as  a  type  of  uniform,  evenly  distrilnited  rainfall  of  ample  amount, 
in  cimtrast  with  regions  of  seasonal  rains  and  great  annual  variation. 
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The  relation  of  temperataire  to  ground- water  problems  is  shown  by 
the  fact  that  percolation  through  sand  is  nearly  twice  as  rapid  at 
100®  F.  as  at  50®,  and,  accordingly,  the  amount  of  rainfall  absorbed 
by  the  ground  is  subject  to  large  monthly  and  seasonal  variation. 
The  proportion  of  the  total  precipitation  found  in  the  groxmd  at  each 
month  in  the  year  is  given  in  the  following  table :« 

Humidity  of  the  ground. 


Month. 


January.. 
February 
March.... 

April 

MSy 

June 


Per  cent  at— 


1  foot        2  feet        3  teet. 


76  , 
66 
Ml 
44  I 
32 


Month. 


98  j  July 

88      August 

77  September. 
65  1  October... 
48  1 1  November. 
30  I  December. 
|l 


Per  cent  at— 


Ifoot 


2  feet     ,    3  feet 


10 
22 
34 

48 
67 
83 


SURFACE  WATER  SUPPLY. 

SOURCE  AND  CHARACTER. 

Of  the  water  which  faUs  as  rain,  a  part  is  evaporated,  another  part 
enters  the  ground,  and  a  third  part  goes  directly  into  streams  and  is 
thus  carried  to  the  sea.  The  amount  of  water  which  is  carried  by  streams 
has  been  approximately  determined  (see  tables  below),  but  there 
are  no  records  of  the  amount  evaporated,  and  accordingly  the  pro- 
portion of  the  rainfall  absorbed  by  rocks  and  soils,  and  therefore 
available  for  springs  and  wells,  is  imknown.  However,  the  amoimt 
evaporated  is  certainly  small  and,  for  rough  calculations,  the  total 
rainfall  may  be  divided  into  that  which  enters  the  ground  (ground 
water)  and  that  which  is  carried  in  streams  (run-off). 

The  relation  of  rainfall  to  run-off  can  not  be  stated  definitely, 
because  several  factors  of  unknown  value  are  included.  The  rate  of 
precipitation,  the  topography  of  the  surface,  the  texture  of  the  soil, 
and  the  structure  of  the  rocks  are  all  to  be  considered.  The  presence 
of  lakes  and  swamps  along  the  stream^s  course  and  on  its  catchment 
area  modify  the  surface  run-off,  and  a  large  but  unknown  amount  of 
groxmd  water  enters  streams  and  lakes  without  reaching  the  surface. 
For  instance.  Lake  Saltonstall  has  a  small  drainage  area — 4  square 
miles — and  should  receive  4,000,000  gallons  of  water  a  day.  It 
actually  receives,  however,  a  much  larger  amount  than  can  be 
accounted  for  by  ordinary  surface  drainage  and  is  presumably  fed 
by  subterranean  springs  and  ground-water  seepage. 

The  presence  of  forests  affects  the  relation  of  rainfall  to  run-off  by 
increasing  and  regulating  the  flow  of  ground  water.     Deforestation 

«  Shorinan,  ♦'onrnrlloiit  \Iiiiaii:if,  I  vC»,  p.  ;il). 
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promotes  evaporation,  increases  the  run-oflF,  and  tends  to  produce 
seasons  of  flood. 

The  general  run-off  of  streams  in  the  eastern  part  of  the  United 
States  is  0.05  to  0.5  cubic  foot  per  square  mile  per  second,  and  streams 
tributary  to  Long  Island  Sound  carry  17i  to  27i  inches  of  rainfall 
out  of  an  annual  total  of  40  to  52  inches.®  Variation  in  annual  run- 
off is  indicated  by  the  record  of  Connecticut  River,  which  shows  the 
ratio  of  the  run-off  for  a  dry  year  to  be  94  per  cent  of  an  average 
yearns  flow. 

QUANTITY  AVAILABLE. 

The  rivers  whose  discharge  and  run-off  records  are  given  below 
were  chosen  as  typical  Connecticut  streams  and  fairly  represent 
prevailing  conditions.  The  Shetucket  is  a  stream  of  the  eastern 
highland,  established  on  gneiss  and  schist.  The  Connecticut  drains 
the  sandstone  lowland,  and  the  Housatonic  flows  for  a  large  part  of 
its  course  above  Gaylordsville  in  a  limestone  vaDey.  The  run-off 
record  is  compared  with  the  rainfall  record  of  the  meteorological 
station  nearest  the  point  where  the  discharge  is  measured. 

Discharge  andrun-off  of  Shetucket  River  at  Willimantic  April  -f,  1904 1  to  January  ty  1907. 


Discharge  (second-feet). 

Run-off. 

Relation 

torain&U 

(per 

cent). 

Date. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Per 
square 
mile 
(second- 
feet). 

Depth 
(Inches). 

RainfftU 
atStoTTs 
(inches). 

1904. 
April  4 

4,420 

2,360 
555 
345 
930 

2,930 
930 
990 

3,755 

3.865 
4,195 

700 
1.560 

555 
2,930 

'      768 
385 
84 
84 
126 
66 
207 
150 
126 

275 
510 
275 
66 
207 
555 

1,784 
920 
326 
221 
373 
428 
396 
381 
831 

1,937 
1,254 
455 
565 
364 
902 

4.60 
2.32 
.823 
.558 
.942 
1.08 
1.00 
.962 
2.10 

4.89 
3.17 
1.16 
1.43 
.919 
2.28 

4.51 
2.68 
.918 
.643 
1.09 
1.20 
1.15 
1.07 
1.64 

5.64 
3.64 
1.33 
1.60 
1.03 
2.63 

7a4 
136.7 
36.3 
34.8 
18.1 
25.5 
52.5 
72.8 
67.7 

163.6 
124.0 
147.8 
35.3 
87.7 
63.8 

6.40 

fiSy  ..:::: 

1.96 

June 

2.53 

July      

1  85 

August 

6.00 

September 

4  71 

October 

2  19 

November 

1  47 

December  1-17,28-31 

2  42 

1905. 
March 

3.45 

April 

2  87 

Mky 

.90 

Juue 

4  53 

November 

2.73 

December 

4.13 

o  Porter,  Census  for  1880,  vol.  16,  pt.  1. 
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Diicharge  and  run-off  of  Connecticut  River  at  Hartford  January  i,  1871,  to  January  i, 

1886. 


[Drainage  area,  10,234  square  miles.] 


Date. 


Discharge. 


Maxi- 
mum. 


ISn 87,460 

1872 98,100 

1873 1  109,800 

1W4 134,000 


1875. 

isn. 

1877. 
1878. 
1879. 
1880. 
1881. 
1884. 


Period.. 


90,100 
120,800 
128,200 
89,350 
116,400 
65,550 
74,000 
74,700 


134,000 


January — 
February. . . 

March 

AprU 

May 

June 

July 

August 

September.. 

October 

November. . 
December.. 


Year. 


1885. 


65,550 
23,200 
16,400 
88,600 
63,700 
27,900 
10,500 
18,000 
13,100 
21,350 
78,200 
35,400 


Mini- 
mum. 


5,520 
6,250 
5,390 
5,210 
5,700 
5,360 
5,700 
5,350 
5,550 
5,200 
5,250 
5,150 


Mean. 


Run-ofl. 


Per 
square 
mile 
(second- 
feet). 


17,433  I 
19,335  I 
23,061  j 
23,340 
18,114  1 
22,080  I 
16,683  i 
20,766  I 
18,852 
13,720 
18,026 
19,861 


1.70 
1.89 
2.25 
2.28 
1.77 
2.15 
1.63 
2.02 
1.84 
1.34 
1.76 
1.94 


Relation 
Depth    to  rainfall 
(Inches).       (per 
cent). 


5,150  I      19,157  I  1.87 


17,000 
10,500 
7,600 
13,100 
10,250 
5,800 
6,000 
5,300 
6,000 
6,750 
12,400 
10,000 


34,661 

14,711 

11,706 

26,250 

25,869 

10,785 

7,909 

9,148 

8,105 

10,084 

33,067 

21,005 


5,300  I 


17,775 


3.38 

1.44 

1.14 

2.56 

2.52 

1.06 

.77 

.89 

.79 

.98 

3.23 

2.05 


21.11 
26.71 
30.62 
30.81 
23.95 
29.15 
2^.09 
27.51 
24.91 
18.25 
23.88 
23.65 


56.2 
56.6 
60.9 
71.4 
55.6 
60.6 
51.6 
54.7 
52.6 
45.6 
51.0 
60.4 


25.10 


57.0 


3.89  I 
1.50  ; 
1.32  I 
2.86  , 
2.91 
1.28  ' 
.89  I 
1.03  I 


I  I 


1.13 
3.60  ! 
2.36  ! 


93.9 
51.4 
89.6 
102.4 
119.7 
40.0 
'  25.0 
12.8 
47.8 
24.0 
60.3 
72.0 


23.65 


54.3 


RainfoU 
(inches). 


37.70 
46.71 
43.85 
43.24 
43.07 
48.18 
42.92 
50.20 
47.24 
40.02 
46.93 
45.15 


44.53 


4.14 
2.92 
1.47 
2.79 
2.43 
3.20 
3.56 
8.06 
1.84 
4.72 
5.20 
3.29 


43.62 


Discharge  and  run-off  of  Housatonic  River  at  Gaylordsvilky  1901-1908  and  1906. 
[Drainage  area,  1,020  square  miles.] 


Date. 


1901. 
1902. 
1903. 


January 

February... 

March 

April 

May 

June 

July 

August 

September.. 

October 

November.. 
December.. 


1906. 


The  year. 


Discharge  (second-feet). 


Maxi- 
mum. 


14,300 
31,000 
25,700 


3,170 
4,630 
10,000 
8,930 
5,060 
2,370 
2,120 
1,310 
876 
2,220 
1,980 
1,440 

10,000 


Mini- 
mum. 


303 
525 
550 


Mean. 


Run-off. 


Per 
square 

mile 
(second- 
feet).     I 


Depth 
(incnes). 


Relation 

to  rainfall 

(per 

cent). 


2,216 
2,920 
3,006 


2.861 
2.946 


29.65 
38.62 
39.65 


938 

788 

1,130 

2,460 

1.090  ' 

928 

421 

347 

296 

296 

550  , 

686 

296 


1,800 

1,630 

2,910 

4,780 

2,110 

1.630 

984 

818 

554 

861 

992 

958 

1,670 


1.76 
1.60 
2.85 
4.69 
2.07 
1.60 
.965 
.802 
.543 
.844 
.973 


1.64 


2.03 

1.67 

3.29 

5.23 

2.39 

1.78 

1.11 

.92 

.61 

.97 

1.09 

1.08 

22.17 


52.1 
62.9 
69.8 


84.2 
65.5 
81.0 
142.6 
42.6 
31.8 
17.2 
20.3 
17.0 
24.1 
80.1 
28.1 

47.9 


Rainfall 
(inches). 


56.94 
61.43 
56.85 


2.41 
2.55 
4.06 
3.67 
5.61 
5.60 
6.47 
3.14 
3.68 
4.02 
1.36 
3.84 

46.31 
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POPULATION  AND  INDUSTRIES. 

The  physiographic  division  of  Connecticut  into  highland  and  low- 
land areas  has  been  a  controlling  factor  in  determining  the  settlement 
and  character  of  hfe  of  the  people  of  the  State.  The  bidk  of  the 
population  at  the  present  time  is  grouped  in  three  areas: 

First,  the  central  lowland,  containing  the  towns  of  New  Haven, 
Hartford,  Middletown,  New  Britain,  Meriden,  etc.,  in  which  39  per 
cent  of  the  entire  population  of  the  State  is  located.  This  region  was 
first  settled  in  1637  and  the  population  has  increased  gradually  from 
that  date.  The  favorable  conditions  of  the  lowland  area  are  the  fer- 
tile soil,  which  is  readily  tilled,  and  the  ease  of  establishing  lines  of 
communication  by  wagon  roads,  canals,  and  railroads. 

Second,  on  the  shores  of  Long  Island  Sound,  where  are  located  Nor- 
walk,.  Stamford,  Bridgeport,  New  London,  and  other  towns,  which 
together  have  a  population  of  199,719,  or  22  per  cent  of  the  total. 

Third,  in  the  highland  valleys,  where  Waterbury,  Winsted,  Wil- 
limantic,  and  many  smaller  towns  are  located  and  where  26  per  cent 
of  the  population  reside.  The  original  attractions  of  these  places  were 
the  water  power  and  ease  of  conmiunication  along  valleys.  CoUins- 
ville  is  typical  of  many  small  villages  that  have  been  built  up  about  a 
factory  whose  location  was  determined  by  excellent  water  power. 

The  towns  of  the  State  outside  of  these  three  groups  have  attracted 
but  13  per  cent  of  the  population.  The  soil  is  thin  but  of  fairly  good 
quahty.  The  roads  have  steep  grades  and  are  diflBcult  to  maintain. 
Railroad  lines  enter  the  highlands  only  along  the  wider  valleys  and 
are  at  an  inconvenient  distance  from  many  of  the  towns.  Parts  of 
Union,  Hartland,  and  North  Stonington  are  10  miles  from  any  rail- 
road, and  many  farms  in  Killingworth,  Salem,  Goshen,  Ashford, 
Canterbury,  and  Ledyard  are  nearly  as  inaccessible.  The  result  is 
that  the  population  of  certain  hill  towns  has  actually  decreased. 
During  the  decade  from  1890  to  1900  ten  towns  out  of  twenty-six  in 
Litchfield  County  showed  a  decrease  in  population  and  ten  out  of 
thirteen  towns  in  Tolland  County  suflfered  a  net  loss  in  population  of 
1,400.  At  the  present  time  a  new  era  seems  to  be  dawning  for  rural 
Connecticut,  partly  as  a  result  of  improved  methods  of  farming  and 
of  the  introduction  of  the  practice  of  scientific  forestry,  but  more 
largely  owing  to  the  fact  that  the  farms  of  the  higldands  are  being 
purchased  for  summer  homes  and  estates.  For  this  purpose  an 
abundant  supply  of  good  water  is  essential.  In  fact,  the  water  re- 
sources of  Connecticut  form  one  of  its  chief  comimercial  assets,  and  a 
knowledge  of  their  character  and  occurrence  has  become  a  matter  of 
great  practical  importance. 
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CHAPTER  11. 
GEOLOGY. 

OUTUNE  OF  GEOL.OGIC  HISTORY. 

Very  little  is  known  of  the  early  geologic  history  of  Connecticut. 
It  is  probable  that  some  of  the  gneisses  and  schists  date  from  a  time 
before  any  Uving  forms  existed  upon  the  earth,  but  no  fossils  older  than 
the  Triassic  have  been  found  in  the  State,  and  it  is  therefore  impossi- 
ble to  determine  definitely  to  what  age  the  pre-Triassic  rocks  belong. 
Their  position  in  the  time  scale  can,  however,  be  determined  approxi- 
mately by  comparing  them  with  similar  rocks  in  regions  where  their 
relations  are  known.  This  study  of  adjoining  regions,  taken  in  con- 
nection with  the  detailed  study  of  the  structure  of  the  rocks  them- 
selves, indicates  that  the  crystalline  rocks  of  Connecticut  have  a 
long  and  compUcated  geologic  history. 

Pre-Cambrian  rocks  are  represented  in  the  State  by  the  Becket 
gneiss,  but  no  data  are  at  hand  to  determine  definitely  the  origin  or 
age  of  this  formation.  Its  component  parts  have  been  so  completely 
altered  by  changes  that  have  taken  place  since  their  deposition  that  all 
evidence  of  value  for  determining  their  original  character  has  been 
destroyed.  The  character  of  the  rocks  overlying  the  Becket  gneiss 
indicates  that  a  sea  extended  over  a  large  part  of  Connecticut  during 
Cambro-Ordovician  time  and  that  the  Stockbridge  Umestone  and 
associated  quartzites  were  deposited  in  that  ancient  water  body. 
Such  an  accumulation  of  material  impUes  the  wearing  down  of  land 
masses  and  suggests  that  lands  of  considerable  elevation  must  have 
existed  to  the  east  of  the  present  shore  line. 

The  long  interval  between  the  close  of  the  Ordovician  and  the  begin- 
ning of  the  Mesozoic  time  has  left  no  legible  records  of  deposits  that 
can  be  assigned  to  any  definite  geologic  period.  The  great  thick- 
ness of  Devonian  sediments  to  the  west  suggests  a  New  England 
mountain  range  of  considerable  height  which  furnished  material  for 
the  sedimentary  strata. 

One  series  of  events,  however,  is  abundantly  attested,  namely, 
that  igneous  intrusions  occurred  frequently  in  the  interval  between 
the  Ordovician  and  the  Triassic  periods,  resulting  in  the  formation  of 
numerous  veins  and  dikes  of  quartz  and  granitic  and  basic  rocks. 
The  nature  of  these  intrusive  masses  indicates  that  they  have  been 
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brought  to  the  surface  by  the  removal  of  thousands  of  feet  of  sedi- 
ments. The  particular  date  of  any  of  these  igneous  intrusions  is 
unknown,  but  their  effect  is  well  shown,  and  it  is  not  at  all  unlikely 
that  part  of  the  molten  rock  reached  the  surface  and  was  represented 
by  volcanic  activity,  ail  traces  of  which  have  disappeared. 

The  geologic  records  show  also  that  at  different  times  between  the 
Ordovician  and  the  Triassic  there  were  important  movements  in  the 
earth's  crust  which  resulted  in  the  metamorphism  of  all  the  existing 
rocks  in  the  State.  Just  when  these  profound  changes  took  place  is 
imknown,  but  the  rocks  are  believed  to  have  been  involved  in  the 
great  earth  movements  which  produced  mountains  at  the  close  of  the 
Archean,  Ordovician,  and  Carboniferous  periods. 

That  many  changes  took  place  in  Connecticut  during  the  time  from 
the  Ordovician  to  the  close  of  the  Carboniferous  is  shown  beyond 
doubt  by  an  examination  of  the  highland  areas. 

These  rocks  are  chiefly  schists  and  gneisses,  and  accordingly  have  structures  indi- 
cating that  they  have  been  profoundly  changed  from  their  original  sedimentary  or 
igneous  character.  The  original  component  minerals  have  been  rearranged,  stretched, 
and  drawn  out  in  lines;  new  minerals  have  been  produced ;  parts  have  been  fused  and 
recrystallized.  Instead  of  horizontal  layers  or  uniform  igneous  masses,  we  find 
twisted  and  broken  rock  with  layers,  bands,  and  ribbon  structures  in  every  conceiv- 
able position.  This  tangle  of  structure  is  further  complicated  by  the  presence  of  dikes, 
seams,  and  veins  which  have  made  their  way  into  the  rock  at  different  stages  of  its 
history.  In  looking  at  this  confused  mass  of  rock  which  forms  the  Connecticut  crystal- 
lines, it  seems  apparent  that  it  has  taken  part  in  manifold  changes  which  went  on  in 
the  earth's  crust  for  ages.  This  very  complexity  of  structure  is  an  important  aid  in 
determining  the  relative  age  of  the  rocks,  for  it  is  evident  that  in  general  the  oldest 
rocks  must  have  been  affected  by  the  greatest  number  of  disturbances,  and  accord- 
ingly the  rocks  of  one  age  may  exhibit  structures  not  found  in  those  of  succeeding 
ages.  In  the  absence  of  other  criteria  the  geologist  is  forced  to  fall  back  upon  this. 
These  rocks  are  like  a  parchment  on  which  writing  after  writing  has  been  placed  at  dif- 
erent  times  by  different  hands,  without  at  any  time  completely  erasing  the  previous 
inscriptions.    Little  wonder  that  we  have  difficulty  in  deciphering  the  original  writing. 

Such  composition  and  structure  as  is  described  above  can  be  produced  only  at  very 
great  depths  in  the  earth  (probably  below  20,000  feet)  where  rocks  are  so  deeply  buried 
that,  whatever  the  lateral  stress,  they  will  not  adjust  themselves  by  breaking,  but  by 
plastic  deformation.  It  is  therefore  certain  that,  whatever  the  age  of  the  crystaUines, 
mountain  ranges  perhaps  rivaling  the  Alps  in  height  and  ruggedness  once  occupied 
central  Connecticut;  and  when  we  examine  the  rocks  of  Satans  Kingdom,  or  the  Quin- 
nebaug  Valley,  or  the  Connecticut  gorge  below  Middletown,  or  indeed  any  part  of  the 
area  of  crystalline  rocks,  we  are  studying  the  roots  of  lofty  land  masses  composed  of 
strata  deposited  during  part  or  all  of  the  Paleozoic  era.« 

The  land  at  the  close  of  the  Carboniferous  was  probably  marked  by 
rugged  topography — the  hills  and  valleys  making  prominent  scenic 
features.  During  Triassic  time  these  elevations  were  removed  and 
the  material  from  the  crumbling  hills  was  built  into  the  sandstones 
of  central  Connecticut. 


o  KIce,  W.  N.,  and  Gregory,  H.^.,  Manual  q( C^nneptiout  geology,  1906,  pp.  80, 81. 


Digitized  by  VjOOQIC 


^geology/  33 

The  Triassic  rocks  are  very  much  younger  than  any  of  the  crys- 
talline rocks  exposed  within  the  State;  in  fact,  it  is  possible  that  no 
rocks  were  formed  for  a  long  period  before  the  deposition  of  the 
lowest  sandstone  stratum.  Where  the  ancient  crystalline  rocks  and 
the  Triassic  rocks  come  into  contact  there  is  a  marked  unconformity, 
the  sandstones  lying  upon  the  upturned  edges  of  schists  and  gneisses 
of  ancient  time.  The  Triassic  sandstone  was  deposited  in  water 
which  was  fresh  or  perhaps  brackish,  and  a  great  deal  of  it  was 
deposited  in  water  which  must  have  been  shallow.  The  presence  of 
animal  life  is  indicated  by  the  fossils  found  in  the  sandstones  and 
shales.  Skeletons  of  dinosaurs  have  been  recovered  and  thousands 
of  tracks  of  these  strange  animals  have  been  found  in  the  quarries  of 
the  Connecticut  Valley.  The  shales  at  Saltonstall  and  Durham  and 
elsewhere  contain  abundant  remains  of  fish. 

During  the  long  time  throughout  which  the  Triassic  sediments 
'^  were  being  deposited  volcanic  eruptions  formed  widespread  lava 
flows  extending  from  New  Haven  to  the  northern  line  of  the  State. 
Outbursts  of  lava  occurred  at  three  diflFerent  times  and  the  fields  of 
basalt  which  represent  these  flows  are  separated  by  considerable 
thicknesses  of  shale  and  sandstone,  indicating  periods  of  volcanic 
activity  followed  by  long  periods  of  quiet. 

The  sandstones  and  lavas  of  Connecticut  were  laid  down  in  an 
approximately  horizontal  position,  but  at  a  date  later  than  the 
Triassic  the  flat-lying  beds  were  broken  by  a  series  of  faults  extending 
diagonally  across  the  central  lowlands.  Displacement  along  these 
fatdt  lines  formed  a  series  of  giant  blocks,  composed  of  sandstone  and 
trap,  that  were  elevated  on  the  west  side  and  depressed  on  the  east. 
The  topographic  result  was  a  series  of  ridges  with  steep  westward 
escarpment  and  gently  sloping  eastward  face. 

During  Cretaceous  time  the  entire  region  seems  to  have  been  worn 
down  to  a  plain  practically  at  sea  level  and  sloping  gently  from  north- 
west to  southeast.  Hills  stood  above  the  plain,  but  not  to  such  an 
extent  as  to  give  the  country  a  rugged  topography.  The  southern 
part  of  the  State  at  this  time  was  probably  covered  with  sediments 
deposited  in  a  Cretaceous  sea  which  extended  to  the  latitude  of 
Hartford.  The  restdt  of  this  long  period  of  erosion  was  to  reduce  the 
inequalities  produced  by  the  uplifting  of  the  blocks  of  sandstone  and 
lava  and  to  lessen  the  contrast  between  highland  and  lowland  areas. 

Near  the  beginning  of  the  Tertiary  period  the  area  now  forming 
the  State  was  uplifted  and  the  streams  which  had  been  wandering 
across  the  Cretaceous  plain  were  revived  and  began  once  more  to  cut 
their  channels  and  to  carry  sediment  to  the  sea.  The  result  was  to 
bring  into  relief  all  the  harder  and  more  resistant  rock  masses  by 
removing  the  softer  material.  For  example,  in  central  Connecticut 
the  areas  of  resistant  trap  stand  above  the  sandstone  plain  as  ridges 
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whose  length  and  shape  had  been  previously  determined  by  the 
direction  of  the  fault  lines.  In  th^  same  way  the  softer  Cretaceous 
strata  along  the  coast  seem  to  have  been  entirely  removed  and  the 
less  resistant  limestone  of  the  Housatonic  Valley  reduced  to  a  narrow 
lowland.  As  a  result  of  this  long  period  of  stream  erosion  during 
Tertiary  time,  the  topography  of  the  State  acquired  the  larger  general 
features  of  the  present  time. 

During  the  Pleistocene  (*^Glaciar')  epoch  the  topography  of 
Connecticut  was  again  remodeled.  The  continental  ice  sheet  which 
covered  the  northern  part  of  America  extended  entirely  across  New 
England.  Its  thickness  was  great,  the  power  urging  it  on  was  irre- 
sistible, and  accordingly  the  landscape  was  molded  in  a  characteristic 
manner.  The  loosened  soil  covering  was  removed  from  the  rocks  and 
the  rocks  themselves  were  reduced  in  height.  They  were  grooved 
and  scratched  and  polished  by  the  pebbles  embedded  in  the  ice.  A 
great  quantity  of  material  was  removed  permanently  from  the  area 
and  carried  to  Long  Island.  Although  the  larger  features  of  the 
topography  left  by  Tertiary  erosion  were  little  changed  when  the 
glacier  disappeared,  the  details  were  greatly  modified.  Instead  of  the 
soil  formed  by  the  decomposition  of  the  rocks,  the  glacier  left  two 
types  of  surface  covering — glacial  till,  an  unassorted  and  unstratified 
mass  of  rocks,  bowlders,  clays,  and  sands,  differing  widely  in  size  and 
in  composition,  and  stratified  drift  composed  of  layers  of  sands 
and  gravel.  The  till  came  directly  from  the  material  carried  by  the 
glacier.  The  stratified  drift  was  deposited  by  the  waters  from  the 
melting  ice  mass.  The  distribution  of  this  glacial  material  over  the 
entire  region  modified  the  shape  of  hills,  filled  valleys,  blocked 
drainage  courses,  rearranged  stream  channels,  and  left  many  depres- 
sions filled  with  bodies  of  water,  so  that  although  the  main  streams, 
like  the  Connecticut  and  the  Housatonic,  are  now  flowing  in  courses 
inherited  from  Tertiary  time,  yet  the  smaller  streams  owe  their 
present  arrani^einent  very  much  to  the  changes  produced  by  glacia- 
tion.  Waterfalls,  lakes,  ponds,  and  swamps  are  also  records  of  the 
Pleistocene  ice  invasion. 

DESCRIPTIVE  GEOLOGY. 

INTRODUCTION. 

The  occurrence  of  ground  water  and  the  methods  of  its  recovery 
are  determined  by  the  structure  of  the  rocks,  and  therefore  a  knowl- 
edge of  the  character  of  the  geologic  formations  of  a  region  is  essen- 
tial to  the  well  driller  and  to  the  well  owner  if  he  desires  to  attain 
satisfactory  results  at  minimum  expense.  In  Connecticut  a  well  in 
mica  schist  may  need  to  be  of  different  construction  from  one  in 
sandstone  and  will  yield  water  differing  in  amount  and  in  quality. 
Wells  in  till  are  usually  shallow  and  of  large  diameter;  those  in 
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stratified  drift  are  particularly  liable  to  contamination;  those  in 
sandstone  and  shale  rarely  yield  water  that  is  suitable  for  boilers. 
Thus  in  many  ways  the  rock  formations  represented  in  the  State 
determine  the  nature  and  value  of  the  water  supply. 

In  Connecticut  three  widely  different  rock  groups  must  be  taken 
into  account  by  the  well  driller — the  crystalline  rocks  forming  the 
western  and  eastern  highlands;  the  sandstones  of  the  central 
lowland;  and  the  deposits  of  sands,  gravels,  and  clays  which  overlie 
all  the  rocks  of  the  State.  The  sandstones,  shales,  and  conglom- 
erates are  of  Triassic  age,  as  is  shown  by  the  numerous  fossils  con- 
tained in  them.  The  gravels  and  other  surficial  deposits  are  of 
Pleistocene  age.  The  crystalline  rocks  are  of  much  greater  antiquity, 
but  owing  to  the  absence  of  any  definite  marks  of  identification 
they  will  be  referred  to  simply  as  pre-Triassic. 

CRYSTALLINE  ROCKS.         * 
DISTBIBUTION   AND   CHARACTER. 

With  the  exception  of  the  area  underlain  by  Triassic  strata,  the 
entire  State  of  Connecticut  is  occupied  by  crystalline  rocks  of  very 
great  age.  They  are  of  two  types,  igneous  and  metamorphic,  both 
widely  different  from  the  sediments  of  the  valley  lowlands. 

Igneous  rocks  are  those  which  have  been  molten  and  have  solidi- 
fied from  cooling.  They  are  accordingly  composed  of  crystals, 
closely  fitted  and  interlocking,  instead  of  being  made  up  of  grains  or 
fragments  of  material,  as  are  sandstones.  The  many  different 
textures  shown  by  these  igneous  rocks  were  determined  by  their 
rate  of  cooling,  and  in  accordance  with  this  principle  fine-grained 
granites  and  granite  porphyry  have  been  formed.  Unchanged 
igneous  rocks  are  rare  in  Connecticut  outside  of  the  traps  of  the 
Triassic  region.  They  occur  as  veins,  dikes,  and  small  bosses, 
mostly  of  granite  and  related  rocks.  A  few  diabase  dikes  are  dis- 
tributed along  the  borders  of  the  lowlands.  The  masses  of  unaltered 
igneous  rock  within  the  ancient  crystalline  areas  are  so  small  that 
it  has  not  been  found  desirable  to  indicate  them  on  the  geologic 
map  of  the  State.**  * 

Metamorphic  rock  constitutes  practically  all  of  the  crystalline 
areas  in  Connecticut.  Rocks  of  this  type  have  been  profoundly 
changed  from  their  original  condition  either  as  igneous  or  sedimen- 
tary. The  change  in  some  of  these  rocks  is  merely  a  hardening,  as 
when  shales  are  baked  by  the  intrusion  of  a  trap  dike.  But  the 
metamorphic  rocks  of  the  State  as  a  whole  show  much  more  complete 
alteration.  Their  mineralogical  composition  has  been  changed, 
their  structure  has  been    destroyed,  and    fossils  which  they  may 

a  Bull.  Connecticut  Geol.  and  Nat.  Hist.  Survey  No.  7, 1907. 
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have  formerly  contained  have  been  obliterated.  The  changes  have 
been  so  great  that  the  rocks  bear  little  resemblance  to  their  former 
appearance,  and  with  some  of  them  it  is  impossible  to  determine 
whether  the  original  material  was  igneous  or  sedimentary. 

The  metamorphic  rock  masses  existing  within  the  State  are 
crystallized  limestone  (marble),  quartzite,  phyllite,  schist,  and 
gneiss.  Marble  is  a  metamorphosed  limestone,  in  which  the  grains 
of  the  original  rock  have  been  converted  into  crystals.  Quartzite  is 
a  sandstone  which  has  been  made  firm  and  compact  by  filling  in  the 
spaces  between  the  sand  grains  with  quartz.  Phyllite  is  usually  an 
advanced  stage  in  the  development  of  slate,  which  in  turn  is  made  of 
mud  shales  and  related  rocks.  Schists  and  gneisses  are  so  widespread 
within  the  State  that  they  might  be  said  to  constitute  the  bed  rock 
of  the  region.  Twenty-three  varieties  of  gneiss  and  eight  varieties 
of  schist  are  shown  on  the  Connecticut  geologic  map.  Schist  is  a 
term  used  to  indicate  the  structure  of  the  rock,  not  its  composition, 
and  represents  an  extreme  stage  of  metamorphism  in  a  rock  which 
may  have  been  originally  igneous,  sedimentary,  or  metamorphic. 
In  schists  so  far  has  metamorphism  proceeded  that  new  minerals 
have  been  made,  particularly  mica,  and  a  complete  rearrangement 
of  the  mineral  particles  has  taken  place. 

The  value  of  the  crystalline  rocks  as  water  carriers  is  determined 
by  the  facts  that  they  are  very  dense,  nonpermeable  rocks,  that 
structures  of  slatiness  and  schistosity  are  developed  in  them,  that 
they  are  traversed  by  numerous  joints  in  many  directions,  and  that 
they  are  cut  by  large  or  small  faults. 

Schists  are  characterized  by  cleavage  planes  which  enable  the 
separation  of  the  rock  into  irregular  layers  of  small  thickness.  The 
structure  which  admits  of  the  splitting  of  the  rock  in  this  manner  is 
called  schistosity  and  owes  its  origin  to  the  parallel  arrangement  of 
micas  and  other  flat  minerals  whereby  separation  takes  place  in  one 
direction  much  more  readUy  than  in  others.  Schists  always  contain 
an  abundance  of  mica,  but  they  contain  also  other  minerals  in  large 
amounts.  Feldspar  is  invariably  present,  and  a  typical  mica  schist 
consists  essentially  of  feldspar,  mica,  and  quartz.  The  names  horn- 
blende schist,  quartz  schist,  kyanite  schist,  etc.,  used  in  the  following 
pages,  indicate  the  prominence  of  certain  minerals.  Most  of  the 
Connecticut  schists  are  believed  to  be  the  metamorphic  equivalents 
of  sedimentary  rocks,  the  Hoosac  (^'Hartland'O  schist,  for  example, 
having  previously  been  a  series  of  sandstones,  shales,  and  limestones, 
much  like  the  present  sediments  of  the  Triassic  belt. 

Gneiss,  like  schist,  is  a  term  which  refers  only  to  the  structure  of  a 
rock  and  implies  the  existence  of  a  series  of  roughly  parallel  break- 
ing planes  along  which  the  rock  may  be  separated  into  slabs  of  various 
sizes.     The  development  of  schistosity  is  alike  in  gneisses  and  schists. 
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but  gneiss  is  more  massive  and  is  commonly  the  present  equivalent 
of  former  igneous  rocks.  The  production  of  gneiss  from  granite  has 
taken  place  within  the  Connecticut  area  on  a  large  scale.  Granite 
masses  have  been  stretched  and  squeezed  so  that  instead  of  being  of 
uniform  texture  and  massive  structure  they  are  drawn  out  into 
sheets  and  definite  layers.  Practically  all  of  the  granite  quarried 
within  the  State  is  granite  gneiss,  the  gneissoid  structure  of  which 
is  an  important  factor  in  successful  quarrying. 

When  schists  or  gneisses  are  exposed  to  the  atmosphere  the  planes 
of  schistosity  often  become  definite  cracks  and  open  fissures  into 
which  water  may  descend  and  collect  in  amounts  sufficient  to  supply 
wells  or  springs.  It  is  this  capacity  to  carry  water  which  makes  a 
detailed  study  of  the  structure  of  rocks  a  matter  of  practical  impor- 
tance. 

JOINTS. 

Bocks  do  not  as  a  rule  present  an  unbroken  surface  over  any  con- 
siderable area,  but  are  traversed  by  cracks,  which  vary  in  size  from 
those  that  are  scarcely  visible  to  those  that  are  several  inches  in 
width.  These  cracks  or  *' seams,' ^  as  they  are  called  by  drillers  and 
quarrymen,  are  technically  joints.  They  are  the  results  of  mechan- 
ical action  in  rocks,  which  breaks  them  into  more  or  less  r^ular 
polygonal  blocks  separated  by  open  spaces,  and  they  are  therefore 
of  great  importance  when  water-storage  capacity  is  considered. 

The  most  common  type  of  joints  includes  those  which  are  approxi- 
mately vertical  and  cross  each  other  at  various  angles,  giving  the 
rock  surface  the  appearance  of  a  rough  screen  or  network.  The  prev- 
alence of  vertical  jointing  is  shown  by  the  fact  that  the  inclination 
of  about  seventy-five  measured  joint  planes  in  the  Connecticut 
crystalline  rocks  was  found  to  average  74°,  forty  of  the  joints  being 
practically  90°  from  the  horizontal.  Another  set  of  joints  in  the 
crystalline  rocks  runs  more  or  less  parallel  to  the  surface  of  the  rock. 
Some  of  these  joints  correspond  to  gneissoid  and  schistose  structures, 
but  many  others  represent  entirely  different  planes  of  cleavage.  In 
the  gneissoid  granites,  as  at  Maromas  and  Glastonbury,  these  hori- 
zontal joints  occur,  but  they  vary  considerably  in  their  extent,  num- 
ber, spacing,  and  direction,  as  well  as  in  width  of  opening,  a  variation 
which  seems  to  depend  primarily  on  the  character  of  the  rocks  which 
they  traverse.  In  the  gneisses,  particularly  in  gneissoid  granites 
and  granodiorites,  the  horizontal  joints  are  very  well  developed  and 
constitute  the  so-called  *  ^bedding''  of  the  quarrymen.  In  the  schists 
and  the  less  massive  gneisses  horizontal  jointing  is  poorly  developed 
and  in  places  even  lacking.  The  character  and  number  of  vertical 
joints  also  depend  on  the  nature  of  the  rock.  Certain  rocks  seem  to 
be  thoroughly  shattered  and  broken  by  vertical  joints  into  small 
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wedges  and  blocks  a  fraction  of  an  inch  in  diameter.  Other  rocks, 
like  pegmatites,  may  extend  for  25  to  50  feet  without  being  marked  by 
a  prominent  line  of  breaking.  A  good  illustration  of  the  difference 
of  the  jointing  in  two  types  of  rock  is  seen  in  the  Milford  chlorite 
schist,  where  much  fractured  schistose  and  slaty  varieties  occur 
immediately  in  contact  with  fairly  cempact  masses  of  altered  diabase. 

FAULTS. 

Fractures  along  which  more  or  less  vertical  movement  has  taken 
place  are  called  faults  and  have  been  frequently  observed  in  outcrops 
of  crystalline  rock.  Many  of  the  fractures  extend  to  considerable 
depths  and  may  appear  on  the  surface  as  single  lines  or  as  zones  of 
closely  packed  joints  or  of  shattered  rock.  Much  ground  water  may 
be  stored  in  zones  of  faulted  rock,  and  the  open  spaces  afforded  for 
the  movement  of  water  make  fault  lines  of  great  value  as  channels  for 
spring  waters  and  supplies  for  wells. 

TRIASSIC  SANDSTONE  AND  TRAP. 
DISTRIBUTION. 

The  Triassic  t-ocks  of  the  State  occur  in  two  areas — one  extending 
from  the  Massachusetts  line  to  Long  Island  Sound,  with  a  breadth 
of  about  20  miles  at  Thompsonville  and  Jiarrowing  at  New  Haven 
to  the  width  of  the  harbor,  the  other  underlying  the  towns  of  South- 
bury  and  Woodbury.  Both  of  these  areas  are  links  in  a  broken 
chain  of  similar  Triassic  deposits  which  extends  from  North  Carolina 
to  Minas  Basin,  on  the  Bay  of  Fundy,  a  distance  of  1,200  miles,  and 
which  covers  altogether  10,000  square  miles, 

STRATIGRAPHY. 

The  relation  between  the  Triassic  strata  and  the  ancient  crystalline 
rocks  is  seen  at  Roaring  Brook,  in  Southington,  where  sandstone  lies 
unconformably  upon  the  upturned  edges  of  the  Hoosac  C'Hartland") 
schist.  A  general  study  of  the  Triassic  areas  of  the  Atlantic  coast 
leads  to  the  beUef  that  the  Connecticut  areas  are  parts  of  a  much 
larger  expanse  of  Triassic  rocks  and  that  they  owe  their  present 
existence  to  the  fact  that  they  have  been  dropped  down  as  a  result 
of  faulting,  and  thus  protected  from  the  erosion  which  removed  the 
adjoining  areas  exposed  at  higher  levels. 

The  rock  types  existing  in  the  Triassic  area  are  two — the  lavas 
(basalts)  and  intrusive  sheets  and  dikes  (diabase),  rocks  which  are 
called  popularly  ''trap;''  and  the  sandstones,  which  range  in  texture 
from  fine  shales  to  extremely  coarse  conglomerates.  The  strati- 
graphic  series  in  the  Triassic  of  Connecticut  consists  of  three  lava 
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flows  with  sedimentary  strata  below,  between,  and  above  them. 
Their  relations  are  sho:wn  by  the  following  table: 

Straligraphic  siuxession  in  Triassic  rocks  of  Connecticut. 

Pre-Triaesic  metamorphic  rocks.  Feet. 

"Lower"  sandstones 5, 000-6, 500 

"Anterior"**  (lower)  trap 250 

"Anterior "  shales  and  shaly  sandstonoH 300-1, 000 

"Main"  (middle)  trap 400-500 

"Posterior"  shales 1, 200 

"Posterior"  (upper)  trap 100-150 

"Upper"  sandstones 3, 500 

The  '*Lowjer''  sandstone  varies  in  texture  from  a  fine-grained 
rock  in  the  vicinity  of  Avon  and  Granby  to  a  coarse  conglomerate 
in  which  some  of  the  pebbles  exceed  2  feet  in  diameter.  Where 
typically  exposed  in  the  quarries  at  Fair  Haven  the  rock  consists 
of  fragments  from  the  bordering  crystalline  rocks,  including  abundant 
crystals  of  feldspar,  pebbles  of  quartz,  fragments  of  porphyries, 
gneisses,  and  schists.  Great  variation  is  shown  in  the  composition 
and  structure  of  the  beds,  and  abrupt  changes  in  the  character  of  the 
rock  are  observed  at  many  places.  In  general  the  stratification  is 
uneven  and  irregular,  and  the  coarser  and  finer  materials  have 
rather  the  character  o#  lenses  than  of  uniform  beds  of  wide  extent. 

The  "Anterior"  and  "Posterior"  sandstones  contain  a  much 
larger  proportion  of  shales  than  the  "Lower"  sandstones;  in  fact, 
shales  and  shaly  sandstones  are  characteristic  of  these  formations. 
In  certain  places,  as  east  of  Southington,  an  impure  limestone  occurs, 
and  in  a  number  of  locaUties  there  is  a  slightly  bituminous  black 
shale.  The  stratigraphic  position  of  the  black  shale  is  50  to  100 
feet  above  the  "Anterior"  trap  sheet  and  at  different  levels  between 
the  "Main"  and  "Posterior"  traps.  The  presence  of  these  beds  of 
shale  has  an  important  bearing  on  the  problem  of  water  supply. 
(See  p.  109.)  Fossil  fish  have  been  discovered  in  them  at  Saltonstall 
Lake,  Rocky  Hill,  Durham,  and  other  locaUties. 

The  "Upper"  sandstones,  consisting  of  sandstone  and  shale,  with 
conglomerate  locally  developed,  constitute  the  Triassic  strata  east 
of  the  central  trap  ridge.  It  is  in  these  sandstones  that  the  quarries 
at  Portland  and  Long  Meadow  are  located.  In  certain  localities  the 
"Upper"  sandstone  has  characteristic  features,  but  as  a  rule  it 
is  not  a  distinct  formation.  As  stated  by  Davis,*  "the  Anterior, 
Posterior,    and   Upper   sandstones   and   shales   are   seldom   distin- 

a  Owing  to  the  monocUnal  faulting  which  has  broken  the  Triassic  strata  into  eastward-tilting  blocks, 
the  traveler  going  from  west  to  east  across  the  Connecticut  lowland  comes  first  to  the  lowest  and 
oldest  lava  flow,  next  to  the  middle,  and  last  to  the  uppermost.  Hence  the  terms  **  Anterior," 
"Main,"  " Posterior,"  first  used  by  Percival. 

b  Eighteenth  Ann.  Rept.  U.*8.  Oeol.  Survey,  pt.  2, 1898,  p.  139. 
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guishable."  It  is  ako  true  that  these  three  formations  are  practi- 
cally indistinguishable  from  the  ''Lower*'  sandstones. 

The  three  lava  flows — ''Anterior/'  "Main,"  and  "Posterior'' — 
are  identical  in  chemical  and  mineralogical  composition  and  are 
manifestly  of  closely  similar  origin.  They  are  flows  of  basalt  from 
unlcown  sources.  The  "Anterior"  trap  is  broken  into  a  series  of 
small  hills  and  short  ridges  at  Saltonstall,  Totoket  Mountain,  Lamen- 
tation Mountain,  and  other  places,  and  disappears  in  the  vicinity 
of  "Newgate  Prison,"  in  East  Granby.  This  trap  sheet  is  com- 
paratively dense,  but  is  vesicular  on  the  upper  surface,  and  at  Lamen- 
tation Mountain  it  contains  an  "ash  bed"  of  fine  lapiUi,  30  feet  thick. 
The  "Main"  trap  sheet  is  made  up  of  two  or  more  flows  with  a 
combined  thickness  of  400  to  500  feet  and  constitutes  the  most 
prominent  topographic  feature  of  central  Connecticut,  forming  the 
conspicuous  ridges  beginning  at  Saltonstall  and  extending  through 
Meriden  and  Farmington  and  into  Massachusetts,  where  they  include 
Mount  Tom  and  Mount  Holyoke.  The  "Posterior"  trap  follows  the 
"Main"  trap  sheet  in  general  alignment  and  has  similar  character- 
istics, but  at  only  a  few  places  does  it  become  an  important  topo- 
graphic feature.  An  excellant  view  of  the  "Posterior"  trap  and 
the  underlying  sandstones  may  be  obtained  at  the  city  quarry, 
Hartford,  inunediately  adjoining  the  buildinj^  of  Trinity  College. 

In  addition  to  the  three  lava  flows  there  is  a  series  of  intrusive 
trap  sheets  and  dikes  composed  of  diabase.  East  and  West  rocks 
at  New  Haven,  Gaylord  Mountain,  the  ridges  east  of  Canton,  and 
the  Barndoor  Hills  are  examples. 

JOINTS. 

Both  the  sandstones  and  the  traps  of  Connecticut  are  traversed 
by  many  prominent  joints,  which  form  reservoirs  for  ground  water. 
Where  exposed  in  quarries  the  sandstone  is  seen  to  be  cut  by  numerous 
joints  and  open  fissures,  so  that  even  in  the  most  favorable  localities 
it  is  impossible  to  quarry  slabs  of  stone  of  very  large  size.  The 
principal  joints  are  nearly  vertical  and  intersect  each  other  at  fairly 
wide  angles,  so  that  the  finer-grained  sandstone  and  the  shale  break 
in  more  or  less  uniform  blocks.  In  the  Hartford  quarry  the  shale  is 
traversed  by  two  prominent  sets  of  cracks,  which  enable  the  workmen 
to  remove  diamond-shaped  blocks  about  a  foot  in  diameter.  The 
conglomerate,  especially  where  it  contains  large  quantities  of  quartz, 
exhibits  much  less  uniformity  in  jointing  than  the  finer-grained  rocks. 
The  blocks  into  which  it  breaks  are  wedges  and  rude  polyhedrons  of 
such  a  variety  of  form  as  to  make  it  impossible  to  predict  the  location 
of  definite  division  planes.  Many  of  the  joints  in  the  sandstone  are 
weathered  to  great  depth  and  furnish  ready  passage  for  water.  (See 
pp.  73-74,111-113.) 
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The  trap  rocks  are  of  such  uniform  texture  and  of  such  fine  grain 
that  the  jointing  is  exhibited  on  a  very  elaborate  scale.  Usually  the 
joints  are  barely  visible,  but  in  a  few  places  they  are  widely  open  and 
some  of  them  have  been  filled  with  secondary  material.  The  in- 
trusive traps,  and  some  of  the  lava  flows  as  well,  show  a  decided  joint- 
ing at  right  angles  to  the  plane  of  cooling,  which  gives  a  rudely 
coliunnar  structure  to  the  rock.  In  the  New  Haven  region  the 
columns  are  beautifully  developed  at  Rabbit  Rock,  and  some  of  the 
dikes  in  the  Fair  Haven  timnel  show  a  regular  and  uniform  system  of 
joint  cracks. 

Perhaps  the  most  convincing  evidence  of  the  abimdance  and  in- 
fluence of  joints  in  trap  is  furnished  by  exposed  cliffs  below  which 
is  a  talus  slope  of  broken  trap  formed  by  joint  blocks  derived  from 
the  ledge  above.  Practically  every  high  trap  ridge  in  the  State  is 
flanked  by  such  jimibled  masses  of  fragments,  the  size  and  shape  of 
which  is  determined  by  the  direction  and  spacing  of  the  cracks  in 
the  ledge.  On  the  exposed  edges  of  cUffs  the  joints  furnish  ample 
facihties  for  the  free  circulation  and  storage  of  water.  In  fact,  where 
the  bed  rock  is  trap  these  cracks  contain  almost  the  only  water  supply 
within  reach  of  wells. 

FAULTS. 

The  sandstones  and  lavas  of  the  Triassic  area  were  laid  down  in  a 
horizontal  position.  They  no  longer  retain  that  attitude,  however, 
but  dip  to  the  east  at  an  average  angle  of  15®  to  20°.  In  a  few  places 
the  strata  Ue  practically  flat,  and  locally  the  dips  are  as  high  as  40°. 
These  dips  are  due  to  the  fact  that  the  region  is  crossed  by  a  series  of 
fault  lines  which  have  cut  the  strata  into  blocks  that  are  tilted  to  the 
east.  Faults  are  joints  or  cracks  in  rock  along  which  movement  has 
taken  place  and  which,  accordingly,  disturb  the  continuity  of  the 
rock  much  more  profoundly  than  simple  joints.  In  the  lowland  area 
twenty-five  faults  have  been  traced  which  extend  for  5  miles  or  more, 
and  one  fault  extending  between  Hanging  Hills  and  Lamentation 
Mountain  extends  northeast  and  southwest  for  40  miles.  Innumer- 
able smaller  faults  exist  and  may  be  observed  in  practically  every 
outcrop  of  trap  or  sandstone.  In  places  they  occur  so  abimdantly 
and  are  so  closely  placed  that  the  rock  appears  to  be  shattered  into 
small  fragments.  The  amount  of  sUpping  which  has  occurred  along 
these  fault  planes  varies  from  a  few  inches,  observed  in  quarries  and 
railroad  cuts,  to  several  thousand  feet  in  the  great  diagonal  fatdts 
which  have  brought  the  *  ^  Lower '^  sandstones  of  Lamentation  Moim- 
tain  up  to  the  level  of  the  *' Posterior '^  trap.  The  upUft  in  most  of 
these  faults  is  on  the  east  side  of  the  fault  Une,  which  accoimts  for 
the  eastward  dip  of  the  strata  and  for  the  westward-facing  chffs.  If 
the  faults  extended  in  the  direction  of  the  strike  of  the  strata  a  series 
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of  parallel  ridges  would  be  exposed,  marked  by  prominent  cliffs  of 
erosion  on  the  west  side.  But  the  faults  have  traversed  the  forma- 
tions obliquely,  most  of  them  from  northeast  to  southwest,  with  the 
result  that  the  erosion  has  produced  a  series  of  blocks  which  are  not 
in  alignment  but  are  offset  to  one  side  or  the  other  and  separated  by 
passes  and  gaps  and  notches. 

The  small  Triassic  area  in  the  Pomperaug  Valley  presents  features 
practically  identical  with  those  in  the  central  lowland,  and  therefore 
requires  no  separate  description.** 

PLEISTOCENE  DRIFT. 
DISTRIBUTION   AND   GENERAL   RELATIONS. 

The  glacial  deposits  of  Connecticut  form  a  mantle  covering  the 
bed  rock  practically  everywhere.  It  is  doubtful  if  bare  rock  is 
exposed  over  one-tenth  of  1  per  cent  of  the  surface.  The  drift  in 
thickness  varies  from  a  mere  film  to  masses  300  feet  in  depth  which 
have  obliterated  ancient  stream  courses.  It  is  not  quite  so  thick 
near  the  Sound  and  on  the  highlands  as  in  the  major  valleys,  and  the 
rock  ledges  are  confined  for  the  most  part  to  the  summits  of  ridges 
and  projecting  cliffs  now  partly  covered  with  talus.  The  disinte- 
grated rock  material  formed  throughout  earlier  geologic  ages  was 
removed  by  the  glaciers,  so  that  in  general  the  rock  surface  where 
exposed  is  firm.  Immediately  overlying  the  solid  rock,  but  with  a 
marked  unconformity  between,  is  the  glacial  drift.  The  surface 
material  as  a  rule  has  not  originated  from  the  rock  on  which  it  rests, 
and  it  may  be  entirely  different  in  composition  as  well  as  in  texture. 
Drift  fragments  of  gneiss  may  be  in  immediate  contact  with  shale, 
and  bowlders  of  sandstone  and  trap  may  form  the  soil  above  ledges 
of  mica  schist.  The  fact  that  the  bed  rock  is  everywhere  covered 
with  glacial  drift  is  one  of  the  most  important  factors  in  the  under- 
ground water  problem  of  Connecticut,  for  the  drift  acts  as  a  reser- 
voir to  feed  water  into  the  joints  and  cracks  of  the  bed  rock  under- 
neath.    (See  p.  142.) 

CHARACTER   OF   MATERIAL. 

Two  types  of  glacial  material  are  exhibited  in  the  State — till  and 
stratified  drift.  The  till  was  made  directly  by  the  glacier  and 
consists  of  deposits  which  are  characteristic  and  quite  unlike  those 
made  by  water  or  wind.  Glacial  ice  does  not  sort  material,  and  the 
result  is  that  till  is  composed  of  bowlders,  sands,  clay,  and  pebbles 
of  all  sizes,  confusedly  intermingled;  and  the  same  outcrop  may 
show  a  heterogeneous  lot  of  bowlders  mixed  with  finely  ground 

a  For  a  complete  discussion  of  the  faults  of  the  Wood  bury-South  bury  region  see  Hobbs,  W.  H.,  Twenty- 
first  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3, 1901,  pp.  7-162. 
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clay  and  sand.  The  bowlders  may  be  securely  bedded  in  rock  flour 
in  such  a  manner  as  to  form  *'hardpan/'  which  is  scarcely  less  friable 
than  artificial  concrete  and  which  furnishes  little  access  to  water;  or 
the  whole  mass  may  be  composed  of  bowlders  and  sand  with  large 
spaces  between  the  fragments.  Ordinarily  the  till  is  spread  more 
or  less  uniformly  over  a  region  with  a  thickness  depending  on  the 
character  of  the  underlying  topography,  but  here  and  there  it  is 
built  into  mounds  (drumlins)  which  have  been  overridden  by  the 
ice,  much  as  sand  bars  are  formed  in  rivers. 

Most  of  the  rock  fragments  composing  the  till  have  not  been 
rounded  by  water,  and  although  much  worn  they  are  subangular  and 
in  many  places  polished  and  grooved  and  striated.  The  innimierable 
bowlders  strewn  over  the  surface  of  the  State,  built  into  fences,  or 
used  for  foundations  are  parts  of  the  till  left  by  the  retreating  glacier. 

Stratified  drift  consists  of  rounded  fragments  of  sand  and  gravel 
deposited  by  water  from  the  melting  ice  and  differs  little  in  appear- 
ance from  deposits  made  by  rivers  or  by  the  ocean.  It  differs  from 
till  in  being  stratified — that  is,  it  is  arranged  in  layers  of  fine  and 
coarse  material;  and  although  the  original  fragments  are  the  result 
of  the  grinding  action  of  the  ice  sheet,  the  present  position  and  struc- 
ture of  the  drift  are  due  to  glacial  waters.  Stratified  drift  usually 
forms  sand  plains,  and  is  confined  chiefly  to  valleys  and  lower  levels. 
Certain  long  winding  ridges  of  stratified  drift,  indicating  the  channels 
of  preglacial  streams,  are  called  eskers,  and  in  some  places  the 
stratified  drift  takes  the  form  of  knobs*,  short  ridges)  and  kettle 
holes,  which  are  due  to  water  action  under  conditions  of  confinement. 
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OCCURRENCE  AND  RECOVERY  OF  GROUND  WATER. 
CIRCULATION  OF  GROUND  WATER. 

THE  WATER  TABLE. 

The  term  "ground  water"  is  used  in  referring  to  water  supplies 
obtained  from  wells  or  springs,  in  contrast  with  those  derived  from 
streams  and  lakes.  The  ground  water  represents  that  part  of  the 
rain  or  snow  which  penetrates  into  the  soil,  while  the  remainder  of 
the  precipitation  is  delivered  directly  to  surface  streams,  evaporated, 
or  absorbed  by  vegetation. 

The  clearest  conception  of  the  circulation  of  ground  waters  may 
be  obtained  by  considering  the  material  in  which  they  occur  to  be  of 
a  uniform  character.  Every  one  is  familiar  with  the  fact  that  a  hole 
dug  in  the  sandy  beach  of  the  sea  or  of  a  lake  will  fill  with  water  to 
the  level  of  the  sea  or  lake  water,  and  in  a  sea-beach  hole  the  level  of 
the  water  will  lower  as  the  tide  goes  out.  As  holes  or  wells  are  dug 
at  greater  distances  from  the  shore  and  at  higher  elevations  the  level 
of  the  water  in  the  wells  is^ound  to  rise  above  that  of  the  surface  of 
the  lake,  river,  swamp,  or  other  body  of  water  with  which  the  com- 
parison is  made.  The  height  to  which  the  water  will  rise  at  any 
point  in  the  ground  is  known  as  the  height  of  the  water  table  at  that 
point.  The  water  table  therefore  represents  the  upper  limit  of  a  zone 
saturated  with  water,  above  which  the  ground  is  relatively  free  from 
water  except  immediately  after  rainfall.  It  is  the  surface  of  the  sea 
of  ground  water,  and  it  is  also  called  the  "ground-water  level." 

The  water  table  has  a  surface  rising  and  falling  with  the  land  sur- 
face, but  with  smaller  differences  of  elevation.  The  water  has  the 
highest  elevation  on  the  hills  and  the  lowest  in  the  depressions,  but 
stands  farthest  from  the  surface  of  the  ground  on  the  hills  and  rises 
nearest  to  the  surface  in  the  depressions ;  where  these  are  deep  enough 
it  reaches  the  surface  to  form  swamps,  lakes,  and  streams.  Where 
the  ground  is  perfectly  level  and  uniform  in  character  the  level  of  the 
water  table  is  uniform,  but  where  changes  occur  in  the  surface  elevation 
the  water  flows  from  the  higher  to  the  lower  points,  and  there  is  thus 
a  constant  movement  of  the  ground  water  from  the  hills  toward  the 
valleys.  With  surface  waters  this  movement  is  unrestrained  and  the 
water  immediately  runs  off  the  hills;  but  the  movement  of  ground 
waters  is  very  slow,  owing  to  the  frictional  resistance  to  the  passage 
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of  the  water  through  the  small  openings  of  the  soil  and  rock.  This 
slowness  of  movement  makes  possible  the  existence  of  shallow  dug  wells 
on  hills,  and  it  is  also  the  cause  of  the  constancy  of  flow  of  streams 
and  springs  throughout  the  year.  If  the  ground  water  moved  as  freely 
as  the  surface  water  the  streams  would  have  exceedingly  large  flows 
immediately  after  heavy  precipitation  and  would  be  dry  in  the  inter- 
vals between  rains. 

MOVEMENT  OF  GROUND  WATER. 

The  movement  of  ground  water  is  due  to  the  force  of  gravity,  and 
accordingly  tends  to  take  a  vertical  direction.  After  a  rainfall  the 
water  absorbed  by  the  ground  gradually  percolates  downward 
through  the  soil  until  it  reaches  the  water  table,  where  the  motion  of 
the  sea  of  ground  water  instead  of  being  vertical  is  mainly  in  the 
same  direction  as  the  slope  of  the  surface.  This  slowly  moving  body 
of  ground  water  finally  comes  to  the  surface.  Some  of  it  emerges  as 
springs  or  as  a  succession  of  small  seepages  along  the  banks  of  streams, 
but  a  considerable  proportion  of  it  probably  enters  streams  and  lakes 


FtoxTSE  5.— Diagrammatic  section  illustrating  seepage  and  growth  of  streams.    Lines  with  arrows  are 

lines  of  flows. 

below  the  water  level.  The  general  directions  of  flow  of  ground 
water  and  the  manner  in  which  streams  are  supplied  are  indicated  in 
figure  5. 

Although  the  circulation  of  ground  water  is  in  a  general  way  as 
stated  above,  it  happens  that  natural  conditions  rarely  afford  a  uni- 
form material  in  which  the  level  of  the  water  table  may  be  predicted 
at  any  point.  The  ground  is  nearly  everywhere  made  up  of  mate- 
rials varying  in  character  and  offering  different  degrees  of  resistance 
to  the  circulation  of  water.  In  Connecticut  the  ideal  conditions  are 
most  nearly  realized  in  some  of  the  flat  sandy  plains  of  the  Connecti- 
cut Valley. 

POROSITY. 

The  circulation  of  water  in  any  material  is  directly  dependent  on 
the  amount  and  character  of  the  openings  in  that  material,  and  these 
openings  may  be  in  the  form  of  small  pores,  of  long  flat  joints  or 
other  fractures,  or  of  irregular  rounded  and  tubular  openings  varying 
in  size. 
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All  rocks  are  composed  of  masses  of  separate  particles  or  grains 
which  do  not  touch  each  other  at  all  points,  small  irregular  openings 
occurring  between  the  grains.  This  pore  space,  called  ''porosity," 
varies  greatly  in  different  materials  and  is  largest  in  rocks  that  are 
composed  of  rounded  grains  laid  down  underwater  and  least  in  rocks 
that  have  solidified  from  a  molten  condition.  The  porosity  of  a  rock 
is  expressed  as  a  percentage  of  the  entire  volume.  If  100  cubic  feet 
of  sandstone  can  absorb  20  cubic  feet  of  water  the  rock  is  said  to  have 
a  porosity  of  20  per  cent. 

The  following  table  gives  the  percentage  of  pore  space  and  the 
amoimt  of  water  absorbed  per  cubic  foot  by  various  sorts  of  rocks : 

Porosity  of  different  rocks. 


Rock. 


Water 
absorbed 


Percent- 
age of 

spSJS       i  cubTc  foot 
*P"^'      !   (quarts). 


Sandston* 

4.81 

Do                   

28.28 

Limestone 

.14 

Do       

13. 36 

Marble 

.184 

Do 

3.:>7H 

OninitA 

.»6« 

Do 

Slate                           ....                    .... 

.099 

Do 

.304 

Chalk                                                                         

Sand 

Clav 

u 


-u 


t4»-4 


4-« 
8-10 
10-12 


These  figures  represent  the  ordinary  Uniits  of  the  porosity  of  the 
rocks  and  are  derived  from  difTerent  sources. 

PERMEABILITY. 

The  permeability  of  a  rock  is  a  measure  of  its  ability  to  transmit 
water  and  is  the  most  important  factor  in  determining  its  value  as  a 
source  of  water  supply.  PermeabiUty  is  dependent  on  the  amount 
and  character  of  porosity  and  on  the  existence  of  other  openings, 
such  as  joints  and  other  fractures  and  the  small  openings  formed  by 
escaping  gas  in  certain  lava  flows. 

In  order  that  water  may  readily  pass  through  a  rock  it  is  necessary 
that  the  openings  be  of  appreciable  size  and  have  good  connection 
with  one  another.  In  openings  of  small  size  the  flow  of  water  is 
strongly  opposed  by  friction  and  by  the  attraction  between  the 
sides  of  the  openings  and  the  water,  which  in  very  small  openings 
is  suflScient  to  cause  all  the  water  to  adhere  to  the  sides  as  if  glued. 
The  effect  of  small  size  of  openings  is  well  showTi  by  clays  such  as  the 
brick  clays  of  the  Connecticut  Valley,  which  may  absorb  water  equal 
to  40  per  cent  of  their  weight,  indicating  a  high  porosity,  but  which 
allow  water  to  pass  through  only  with  extreme  slowness.     In  clays 
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the  constituent  particles  are  so  small  and  of  such  angular  shape  that 
the  individual  pore  spaces  are  exceedingly  minute,  though  in  the 
aggregate  of  considerable  volume.  In  sandstones  the  openings  are 
so  large  as  to  allow  relatively  rapid  flow.  In  general  the  size  of  the 
pores  and  consequently  the  permeability  decrease  with  decrease  in 
size  of  grain.  Slichter  ^  has  made  the  following  calculations,  based 
on  experimental  work,  of  the  velocity  and  amounts  of  ground  water 
passing  through  materials  of  different  grades. 

Velocity  of  ground  water  tn  materials  of  different  grades ,  pressure  gradient  10  feet  to  the  mile. 


Material. 

Diameter 

(mUli- 

meters). 

0.2 
.4 
.8 

2.0 

year. 

Miles.      1      Feet. 

Fine  sand 

a  010 
.041 
.16 

1.02 

52.8 

M^dhini  wTu). .,,,-. 

216.0 

Coarse  sand 

815.0 

Fine  gravel 

5,386.0 

Flow  of  ground  water  in  materials  of  different  grades  through  a  bed  of  vertical  cross  section 

200  by  1,000  feet,  sloping  10  feet  to  the  mile. 

Cubic  feet 
per  minute. 

Fine  aand 5. 5 

Medium  sand 22 

Coarse  sand 87 

Fine  gravel 546 

These  determinations  assume  a  uniform  size  of  grain,  a  uniform 
porosity  of  32  per  cent,  and  a  temperature  of  50°  F. 

The  law  of  flow  through  homogeneous  porous  materials  is  that  the 
quantity  of  flow  varies  as  the  square  of  the  size  of  the  soil  grain, 
other  factors  being  constant.  This  law  is  based  on  the  assumption 
that  the  grains  are  imconsolidated,  but  in  all  sandstones  there  is 
more  or  less  cementing  material  which  binds  the  grains  together  and 
necessarily  decreases  the  amoimt  of  pore  space.  The  more  highly 
cemented  the  rock  the  less  the  porosity,  although  the  cementation 
itself  is  an  indication  of  former  free  circulation,  as  it  is  due  to  the 
deposition  of  mineral  matter  from  water.  Other  factors  influencing 
the  amount  of  flow  are  variations  in  porosity  and  in  temperature.'' 
The  flow  at  70°  F.  is  about  double  that  at  32°  F.,  owing  to  the  fact 
that  the  viscosity  of  water  decreases  rapidly  with  rise  in  temperature. 

The  influence  of  joints  and  other  fractures  is  of  increasing  impor- 
tance as  the  porosity  and  size  of  the  pore  openings  decrease,  and  in 
thoroughly  crystalline  rocks  the  only  water  circulation  of  conse- 
quence is  through  fractures.     The  rapidity  of  flow  through  joints  is 

•  Slichter,  C.  S.,  Motions  of  undeiKiound  waters:  Water^upply Paper  U.  S.  Geol.  Survey  No.  67,  1902, 
pp.  29. 30. 

b  Slichter,  C.  8.,  op.  cit.,  p.  25. 
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not  known,  but  it  is  undoubtedly  much  greater  than  through  the 
pores.  Owing  to  the  differences  in  the  permeability  of  rocks  water 
has  decidedly  different  rates  and  amoimts  of  flow  in  adjacent  mate- 
rials. The  main  flow  of  water  is  confined  to  the  most  permeable 
formation,  other  conditions  being  equal. 

Most  imderground  waters  yielding  supplies  of  economic  importance 
are  imder  more  or  less  modified  artesian  conditions;  that  is,  they 
follow  definite  inclined  channels  or  zones,  inclosed  by  material  more 
impermeable  to  water  than  that  carrying  the  water,  and  rise  to  some 
extent  above  the  level  where  they  are  struck. 

ARTESIAN  CONDITIONS. 

The  term  artesian  was  originally  applied  only  to  wells  which  yielded 
a  flow  of  water  rising  above  the  surface  of  the  groimd,  but  it  is  now 
frequently  used  for  any  water  that  will  rise  above  the  point  where 
it  is  struck,  indicating  that  it  is  under  pressure  or  head.  The  ideal 
conditions  for  artesian  circulation  are  two  inclined  layers  of  imper- 


FiouBB  6.~Dlagrain  lllustxating  artesian  conditions  wliere  water  does  not  rise  to  the  surface. 

vious .  material  inclosing  a  layer  of  permeable  material  saturated 
with  water  for  which  there  is  no  escape  below  the  point  where  the 
water-bearing  material  is  tapped.  If  the  upper  impervious  layer  is 
then  penetrated  in  some  manner,  as  by  a  drill  hole,  so  that  the  satu- 
rated layer  is  entered  at  some  point  below  the  level  at  which  the  water 
naturally  stands,  the  water  will  rise  in  the  drill  hole  to  a  height 
determined  by  and  nearly  equal  to  the  level  at  which  the  water  stands 
in  the  water-bearing  material.  Figure  6  represents  the  conditions 
under  which  flowing  wells  may  occur  and  under  which  the  water  will 
rise  under  artesian  pressure  to  a  certain  level,  but  will  not  reach  the 
surface. 

The  level  to  which  water  will  rise  in  the  well  will  always  be  some- 
what lower  than  that  of  the  water  table  in  the  permeable  material, 
owing  to  the  loss  of  head  due  to  friction  during  the  passage  of  the 
water  to  the  well,  and  this  difl'erence  in  level  will  increase  with 
increase  of  distance  from  the  source  of  supply. 
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The  conditions  on  which  artesian  flow  depends  may  be  summarized 
as  follows: 

1.  A  porous  and  permeable  stratum  capable  of  absorbing  and 
transmitting  large  quantities  of  water.  In  certain  localities  planes 
of  fracture  may  transmit  the  water  rather  than  a  porous  stratum. 

2.  Relatively  impervious  materials  above  and  below,  preventing 
the  escape  of  water  from  the  porous  stratum.  Such  conditions  might 
be  realized  by  a  bed  of  sandstone  between  two  beds  of  shale  or  by  a 
layer  of  sand  resting  on  massive  granite  and  overlain  by  clay. 

3.  An  exposure  of  the  porous  stratum  where  it  may  absorb  water 
supplied  either  by  direct  precipitation  or  by  percolation  of  waters 
falling  on  porous  material  above. 

4.  An  inclination  of  the  water-bearing  stratum  so  that  gravity 
may  force  the  water  down  and.  produce  an  artesian  head.  This 
inclination  may  be  due  to  the  manner  of  original  deposition,  but  is 
ordinarily  caused  by  a  displacement  of  the  strata  after  deposition. 

5.  A  lack  of  easy  escape  for  the  water  at  lower  points  than  that 
where  the  porous  material  is  penetrated,  as  the  artesian  head  would 
be  lost  if  the  water  had  such  escape. 

6.  A  suflScient  precipitation  and  absorption  to  keep  the  porous 
material  saturated  and  maintain  the  artesian  head. 

Although  these  conditions  are  partly  realized  at  many  places  in 
Connecticut,  they  are  generally  modified  by  many  factors.  In  the 
Connecticut  Valley  the  relatively  porous  sandstone  has  a  marked 
dip  to  the  east,  and  it  is  not  imcommon  to  find  a  stratum  of  sandstone 
confined  between  two  layers  of  shale.  However,  these  rocks  are 
intersected  by  so  large  a  number  of  fractures  that  the  water  which 
can  not  pass  through  the  fine  pores  of  the  shale  leaks  through  the 
jointed  material,  destroying  the  artesian  head.  At  many  places  in 
Connecticut  a  number  of  springs  occur  in  a  relatively  straight  line, 
indicating  the  existence  of  a  fracture  plane  along  which  waters  are 
escaping  from  confinement  below.  The  artesian  waters,  instead  of 
coming  to  the  surface  through  artificial  wells,  are  escaping  through 
the  openings  furnished  by  nature.  Fuller  °  has  shown  that  artesian 
conditions  may  occur  in  such  uniform  materials  as  sand,  owing  to  the 
overlapping  of  the  elongated  sand  grains. 

The  fact  that  the  ground  water  is  in  a  state  of  continual  motion, 
as  shown  by  various  experimental  methods,  implies  that  there  must 
be  some  escape  for  the  water  at  lower  levels  than  that  where  it  enters. 
Such  natural  escape  may  occur  in  a  variety  of  ways.  In  a  material 
of  xmiform  nature,  as  sand,  the  surfaces  of  streams,  lakes,  and  swamps 
represent  the  level  of  ground  water  at  that  point  and  the  escape  is 
due  to  slow  seepage.     Bodies  of  water  fed  in  such  a  way  are  extremely 

t  Fuller,  M.  L.,  Water-Supply  Paper  U,  S.  Oeol.  Survey  No.  145, 1905,  p.  41. 
463--IRR  232—09 i 
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variable,  increasing  and  decreasing  in  amount  as  the  water  table 
rises  and  falls,  owing  to  varying  weather  conditions.  The  way  in 
which  such  streams  are  fed  is  indicated  in  figure  5. 


SPRINGS. 


A  large  amount  of  the  escaping  groimd  water  emerges  at  the  sur- 
face in  the  form  of  springs  that  are  usually  rather  constant  in  the 


5ffi2?tSi'* 


Figure  8.— Diagram  illustrating  manner  lu  which  spring  may  form  at 
contact  of  soil  covering  and  impervious  rock  below,  when  soil  is  re- 
moved by  erosion,    a,  Point  of  emergence  of  the  spring. 


Figure  7.— Diagram  showing  formation  of  a  spring  at  the  outcrop  of  an  inclined  impervloas  stratum. 

S,  Spring. 

amount  of  flow  throughout  the  year.     Such  springs  may  represent 
an  escape  of  artesian  waters  through  fissures,  as  stated  on  page  49. 

Commonly  they 
owe  their  existence 
to  the  presence  of 
a  stratum  of  pervi- 
ous material  over- 
lying an  impervi- 
ous layer  (fig.  7). 
The  water  pene- 
trating the  pervi- 
ous layer  is  prevented  from  moving  downward  through  the  imper- 
vious layer,  whose  slope  it  follows  until  it  finally  emerges  at  the  siu*- 
face  at  the  contact  of  the 
two  layers. 

Figure  8  represents  a 
type  of  spring  in  which 
the  top  of  a  hill  is  capped 
by  a  layer  of  sandy  soil 
resting  on  impervious 
rock.  The  ground  water 
follows  the  rock  surface 
until  some  opportunity  is  afforded  for  escape,  when  the  water  will 
emerge  as  a  spring. 


Figure  9.— Diagram  illustrating  manner  of  formation  of  spring 
at  contact  of  pervious  formation  and  Impervious  formation 
when  dissected.  A,  C,  Impervious  shale  beds;  B,  poroos 
water-bearing  sandstone;  M,  top  of  saturated  zone;  X,  point 
of  emergence  of  spring. 
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Figure  9  represents  the  conditions  where  erosion  has  cut  through  the 
porous  stratum  and  into  the  impervious  layer,  affording  an  easy  escape 
for  the  ground  waters.  These  diagrams  represent  two  of  the  numerous 
ways  in  which  springs  may  occur.  Springs  are  usually  seen  issuing  as 
streams  rather  than  as  a  continuous  seepage,  both  because  the  stream 
springs  are  more  conspicuous  and  because  if  there  is  any  considerable 
opening  such  as  a  joint  crack  the  water  will  tend  to  concentrate  in 
this  open  channel  where  the  frictional  resistance  is  least. 

AMOUNT  OF  GROUND  WATER. 

It  must  be  clearly  understood  that  the  amount  of  ground  water 
is  limited,  as  it  depends  on  the  amoimt  of  precipitation  which  is 
absorbed  by  the  ground.  The  amount  that  escapes  in  the  form  of 
springs,   though  also  dependent  on  the  amount  of  precipitation, 
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Figure  10.— Diagram  illustrating  effect  of  tides  on  water  table,    a,  Normal  water  table  at  high 
tide;  b,  normal  water  table  at  low  tide;  c,  depressed  water  table  during  a  dry  season. 

varies  relatively  less  than  the  precipitation.  The  amount  of  pre- 
cipitation, however,  is  variable,  a  dry  season  being  marked  by  a 
lowering  of  the  water  table  and  a  wet  season  causing  a  corresponding 
rise.  The  eflFect  of  these  changes  is  always  marked  in  shallow  dug 
wells  of  the  ordinary  type,  the  water  rising  nearly  to  the  top  in 
winter  and  spring,  whereas  the  same  wells  will  be  nearly  or  quite 
dry  during  the  latter  part  of  the  summer.  Springs  also  are  affected 
to  a  certain  extent  by  such  seasonal  changes,  but  the  effect  is  rela- 
tively small  as  compared  with  wells.  Variations  in  the  level  of  the 
water  table  are  also  caused  by  barometric  fluctuations,  but  though 
these  variations  may  be  suflBcient  to  affect  the  amount  of  flow  of 
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springs,  as  shown  by  F.  H.  King,"  they  cause  no  permanent  eflFec^ 
on  the  water  supply.  In  wells  near  the  coast  fluctuations  of  the 
water  table  with  the  rise  and  fail  of  the  tide  are  common,  as  the 
height  of  the  sea  water  at  high  tide  gives  a  slope  to  the  water  table 
differing  from  the  slope  at  low  tide.     This  is  shown  in  figure  10. 

Neighboring  wells  will  usually  affect  one  another,  as  water  can 
ordinarily  be  pumped  from  the  wells  faster  than  it  can  be  supplied 
by  the  water-bearing  material,  and  the  water  table  is  therefore 
depressed  for  a  varying  distance  around  the  wells,  so  that  heavy 
pumping  of  one  well  will  cause  the  lowering  of  the  water  level  in  an 
adjacent  well  deriving  its  supply  from  the  same  source.  It  is  not 
uncommon  for  an  artesian  well  which  had  previously  given  a  good 
flow  to  lose  its  flow  entirely  on  the  sinking  of  another  well  which 
happened  to  give  an  easier  escape  for  the  underground  waters.  As 
a  rule  the  flow  of  artesian  wells  decreases  with  the  lapse  of  time  and 
the  head  gradually  lowers,  indicating  that  the  well  is  exhausting  the 
supply  faster  than  it  is  renewed  by  precipitation,  or,  in  other  words, 
that  the  water  table  in  the  water-bearing  material  is  undergoing 
continuous  depression. 

TEMPERATURE  OF  GROUND  WATER. 

When  the  water  enters  the  ground  it  has  a  temperature  corre- 
sponding to  that  of  the  atmosphere,  but  as  it  percolates  downward 
it  is  affected  by  the  temperature  of  the  ground  and  within  a  very 
short  distance  from  the  surface  acquires  the  temperature  of  the 
material  through  which  it  is  passing.  In  any  region  there  is  a 
certain  depth  at  which  the  temperature  is  constant  throughout  the 
year  and  is  practically  the  same  as  the  mean  annual  temperature  of 
the  region.  In  Connecticut  this  depth  is  50  to  60  feet,  and  the  mean 
annual  air  temperature  is  47®,  so  that  waters  at  about  50  feet  below 
the  surface  will  have  this  temperature.  Most  of  the  Connecticut 
well  waters  come  from  much  shallower  depths,  and  consequently 
have  temperatures  above  or  below  this  average,  depending  on  the 
season  of  the  year. 

Below  the  level  of  constant  temperature  there  is  a  fairly  uniform 
increase  of  temperature  with  increase  of  depth,  amounting  to  about 
1*^  F.  for  every  60  feet  of  depth.  It  is  a  common  beUef  that  the 
deeper  the  well  the  colder  will  be  the  water,  but  it  will  be  readily 
seen  that  on  this  basis  beyond  a  depth  of  50  feet  the  deeper  the 
well  the  warmer  will  be  the  water.  This  statement  corresponds  to 
the  facts  shown  by  the  deep  drilled  wells  of  Connecticut,  althou^ 
in  such  waters  there  is  a  small  change  of  temperature  during  the 
rise  of  the  water  to  the  surface. 

o  Movements  of  underground  water:  Nineteenth  Ann.  Rept.  V.  8.  Geol.  Survey,  pt.  2, 1800,  pp.  75-77. 
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CONTAMINATION. 

From  what  has  been  stated  above,  it  is  evident  that  ground  water 
does  not  exist  in  pools  or  cavities  in  the  rock  and  is  not  stationary. 
It  has  a  movement  in  a  definite  direction,  which  can  be  determined 
for  any  given  place.  A  velocity  as  high  as  100  feet  in  twenty-four 
hours  has  been  measured,  but  the  common  rates,  even  in  sand,  are 
only  from  2  to  50  feet  a  day.  (See  p.  47.)  The  fact  of  the  move- 
ment is  undisputed  and  has  an  important  bearing  on  health,  for 
disease  germs  may  be  carried  by  water  wherever  it  travels.  No 
kind  of  rock  or  soil  is  proof  against  the  transmission  of  ground  water 
containing  pollution.  Fuller*  has  shown  that  water  may  traverse 
several  miles  of  crystalline  rock  and  may  carry  contamination 
through  that  distance.  In  a  settled  conamunity  too  much  emphasis 
C8tn  not  be  placed  on  the  necessity  of  locating  wells  in  positions 
where  they  are  not  liable  to  infection.  The  only  safe  way  is  to  treat 
groimd  water  as  if  it  were  a  surface  stream.  No  one  would  use 
water  from  a  river  a  short  distance  below  points  of  contamination, 
and  no  one  should  use  water  from  wells  where  the  downward  slope 
of  a  ground-water  table  is  such  that  the  water  might  carry  infected 
material.     (See  pp.  171-172.) 

aFtiUer,  M.  L.,  Bull.  Geol.  Soc.  America,  vol.  16, 1905,  p.  372. 


Digitized  by  VjOOQIC 


CHAPTER  IV. 

GROUND  WATER   IN  THE  CRYSTALLINE   ROCKS  OF 
CONNECTICUT. 

By  E.  E.  Ellis. 

INTRODUCTION. 

The  laws  governing  the  occurrence  of  ground  water  in  unconsoli- 
dated material  and  in  porous  sedimentary  formations  are  now  gen- 
erally understood,  but  little  has  been  written  concerning  the  sources 
of  supply  for  wells  in  the  so-called  crystaUine  rocks.  The  term 
** crystalline  rocks''  is  used  for  those  rocks  whose  component  grains 
have  crystallized  into  their  present  relative  positions,  in  contrast  with 
the  sedimentary  rocks,  which  were  laid  down  under  water  and  gener- 
ally consist  of  fragments  of  older  rocks  mechanicaUy  arranged.  Under 
the  head  of  crystalline  rocks  two  main  types  may  be  distinguished — 
(1)  igneous  rocks,  such  as  granite,  diabase,  gabbro,  etc.,  which  were 
once  in  a  molten  condition  and  which  crystallized  and  hardened  on 
cooling;  (2)  metamorphic  rocks,  such  as  schists  and  gneisses,  which 
were  originally  either  sedimentary  or  igneous  but  have  been  altered 
by  metamorphic  processes  to  their  present  form. 

Connecticut  offers  an  exceptionally  good  field  for  an  investigation  of 
ground  water  in  the  crystalline  rocks,  as  more  than  two-thirds  of  the 
State  is  underlain  by  rocks  of  this  type  (see  fig.  11)  and  a  large 
niunber  of  wells  have  been  drilled  in  this  area. 

LITERATURE. 

It  seems  necessary  to  dwell  on  the  theoretical  principles  involved 
in  the  occurrence  of  ground  water  in  crystalline  rocks  more  largely 
in  this  paper  than  is  customary  in  a  report  on  underground  water 
resources,  because  of  the  scarcity  of  previous  information  on  these 
points.  Accordingly  a  summary  of  the  most  important  articles 
which  have  been  written  on  such  occurrences  is  here  given.  Many 
of  these  articles  are  contained  in  the  discussions  of  the  relation 
of  circulating  waters  to  ore  deposits  and  to  metamorphic  changes. 
The  principles  involved,  however,  have  been  deduced  for  water  circu- 
lation in  general,  both  in  rocks  permeable  because  of  their  porosity 
and  in  rocks  giving  opportunity  for  circulation  only  through  fracture 
planes;  the  latter  type  corresponds  to  the  crystalline  rocks  under  dis- 
cussion.    The  theory  as  stated  by  Van  Hise^  considers  that  there 

a  Van  Hlse,  C.  R.,  A  treatise  on  metamorphism:  Mon.  U.  8.  Oeol.  Survey,  vol.  47, 1904. 
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are  two  general  zones  of  water  circulation — a  zone  below  the  level  of 
ground  water,  where  all  openings  in  the  rocks  are  filled  with  water, 
and  a  zone  above  the  level  of  ground  water,  where  the  openings  are 
but  partly  filled.  He  considers  the  extreme  possible  depth  of  cir- 
culating waters  to  be  about  10,000  meters,  which  is  the  limit  at 
which  open  fractures  may  exist.  The  circulating  waters  are  con- 
sidered to  enter  the  earth's  crust  at  many  points  and  as,  owing  to  the 
force  of  jgravity,  they  work  downward,  they  tend  to  seek  larger  and 
larger  channels,  which  offer  less  resistance  to  their  flow,  and  finally 
to  converge  in  some  large  channel  and  emerge  at  the  surface  at  some 
point  lower  than  that  where  they  entered.  Gravity  is  considered  to 
be  the  primal  force  in  producing  this  circulation.  The  chief  objec-, 
tion  to  this  theory  has  been  the  assumption  of  a  saturated  zone  below 
a  certain  level.  Similar  theories  have  been  less  fully  brought  out  by 
Daubr^e,  and  by  De  Lapparent. 

Certain  general  statements  regarding  the  occurrence  of  water  in 
crystalline  rocks  and  the  procuring  of  water  from  joint  planes  are 
given  by  M.  L.  Fuller.** 

In  a  paper  on  the  water  resources  of  a  crystalline  area  in  New 
Hampshire  and  Maine,  George  Otis  Smith''  has  discussed  the  maimer 
of  occurrence  of  water  in  these  rocks.  He  considers  that  the  move- 
ment of  the  water  is  confined  to  stratification  partings,  joint  openings, 
and  less  continuous  passages,  the  main  circulation  being  along  master 
joints  which  are  nearly  horizontal.  The  circulation  is  slow  owing  to 
the  constricted  nature  of  the  openings,  and  the  water  supplying  wells 
is  contributed  from  distant  areas  and  is  confined  largely  to  trunk 
channels.  The  occurrence  of  certain  flowing  wells  is  attributed  to 
constriction  and  cementation  in  the  upper  portions  of  the  fractures, 
giving  opportunity  for  hydrostatic  pressure. 

J.  A.  Holmes*'  describes  the  occurrence  of  water  supplies  from  the 
contact  of  fresh  rock  and  the  decomposed  portion  above  in  the  crys- 
talline rocks  of  North  Carolina,  but  considers  the  undecomposed 
rock  to  be  an  uncertain  source  of  supply. 

The  only  published  discussion  of  well  supply  in  the  crystalline 
areas  of  Connecticut  is  by  H.  E.  Gregory,**  who  gives  certain  statis- 
tics regarding  the  wells  in  this  area. 

A  number  of  records  of  wells  drilled  in  crystalline  rocks  in  New 
Jersey,  Pennsylvania,  New  York,  and  Connecticut  are  given  in  the 
water  reports  of  the  New  Jersey  Geological  Survey. 

A.  Daubrfie,*^  in  a  treatise  on  subterranean  waters,  has  paid  par- 
ticular attention  to  various  types  of  fractures  that  offer  passage  to 

•  Oocunvnoe  of  ondergroond  waters:  Water-Supply  Paper  U.  S.  Geol.  Survey  No.  114, 1905,  pp.  28-29, 39. 

^  Water  resources  of  the  Portsmouth-York  region,  New  Hamx>shire  and  Maine:  Water-Supply  Thpet 
U.  8.  Oeol.  Survey  No.  145, 1905,  pp.  120-128. 

cNotfls  on  the  underground  supplies  of  potable  waters  in  the  south  Atlantic  Piedmont  plateau:  Trans. 
Am.  Intt.  Min.  Eng.,  vol.  25, 1896,  pp.  936-947. 

'  Undergroond  waters  of  Connecticut:  Water-Supply  Paper  U.  S.  Oeol.  Survey  No.  114, 1904,  pp.  78, 79. 

«  LflS  MUZ  aouterraineB,  1887,  pp.  150-157,  271-277. 
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bles  granite  but  contains  a  much  larger  proportion  of  the  black  mica 
(biotite).  At  many  places  in  this  area  it  is  highly  schistose  and  may 
be  split  much  more  readily  in  one  plane  than  in  others. 

Gneiss. — The  gneiss  is  a  more  variable  rock  than  the  granite,  pre- 
senting very  different  characteristics  even  in  adjacent  areas  and  lack- 
ing the  imiformity  of  texture  of  the  granite.  It  may  be  distinguished 
by  its  banded  or  streaked  appearance.  It  contains  a  large  amoimt  of 
feldspar  and  usually  a  considerable  proportion  of  black  mica  or  black 
amphibole,  which,  being  present  in  greater  amoimts  along  certain 
lines  than  along  others,  gives  the  rock  an  appearance  of  alternating 
darker  and  lighter  streaks.  In  some  of  the  rock  these  streaks  are  de- 
veloped into  even  bands  from  one-half  inch  to  3  feet  in  width,  which 
continue  for  several  himdred  feet  with  variations  of  less  than  an  inch 
in  thickness.  The  most  conspicuous  area  of  gneiss  is  in  the  south- 
eastern and  eastern  part  of  the  State.  Another  large  area  consisting 
mainly  of  schist  injected  by  granitic  material  occurs  in  the  vicinity  of 
Waterbury. 

Schist, — Although  schist  usually  contains  a  large  amoimt  of  quartz 
and  feldspar  its  most  conspicuous  constituent  is  mica,  which  on  casual 
inspection  appears  to  constitute  the  bulk  of  the  rock.  A  careful  ex- 
amination will  show  that  these  mineral  particles  are  much  longer  than 
they  are  wide  and  thick  and  that  their  longer  axes  lie  in  the  same  direc- 
tion. This  is  the  direction  of  schistosity  or  rock  cleavage,  and  the  rock 
splits  along  this  plane  much  more  readily  than  in  any  other  direction. 
Wherever  there  is  an  exposure  of  schist  the  tendency  of  the  rock  to 
split  along  the  plane  of  schistosity  together  with  the  high  angles  at 
which  these  planes  usuaUy  stand  gives  a  jagged  and  serrated  appear- 
ance to  the  rock  surface.  The  parting  plane  is  usually  rather  imeven, 
but  in  certain  types  of  schist  it  is  very  smooth  and  shows  a  shining 
surface  in  the  sunlight.  Schist  of  this  type  called  phyllite,  is  too  fine 
grained  to  distinguish  the  separate  constituent  particles  and  closely 
resembles  slate,  being  in  fact,  intermediate  between  a  slate  and  a  schist. 
Certain  of  the  chloritic  schists  of  Connecticut  assume  a  similar  aspect. 
Though  nearly  all  the  Connecticut  crystalline  rocks  are  characterized 
by  the  presence  of  garnet,  this  mineral  reaches  its  largest  and  best  de- 
velopment in  the  schists. 

The  greatest  development  of  the  schists  is  beyond  the  western 
border  of  the  Triassic  area  and  in  the  area  running  from  Middletown 
to  the  northeast  comer  of  the  State. 

Quartzite  schist — There  are  several  areas  of  an  extremely  quartzose 
schist  in  the  northeastern  and  northwestern  portions  of  the  State. 
This  rock  is  composed  entirely  of  quartz  grains  and  is  supposed  to 
represent  a  quartzite  completely  metamorphosed  to  a  schist.  In  the 
western  part  of  the  State  recementation  appears  to  have  taken  place, 
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restilting  in  an  extremely  indurated  rock  more  nearly  resembling  a 
true  quartzite. 

Pegmatite, — Traversing  many  of  these  rocks  are  dikes  and  irregular 
masses  of  pegmatite,  which  are  white  or  very  light  in  color  and 
consist  in  great  part  of  large  crystals  of  white  or  pink  feldspar  with 
quartz  and  in  places  bunches  of  broad-leaved  mica.  Thi^  rock  is 
usually  called  "feldspar'*  by  drillers  and  quarrymen. 

Trap  rock, — The  trap  rock  is  familiar  to  nearly  everyone,  and  is 
easily  distinguished  by  its  dark  color  and  fine-grained  and  compact 
texture.  It  occurs  in  the  crystallized  rocks  as  intrusive  masses  or 
dikes  of  material  which  has  been  thrust  into  older  rocks.  The 
external  appearance  of  these  dikes  in  the  highland  areas  is  closely 
similar  to  that  of  the  traps  of  the  lowland,  and  in  composition  the 
two  rocks  are  identical. 

Limestone, — The  limestone  is  softer  than  any  of  the  other  rocks 
considered;  it  may  be  readily  scratched  by  a  knife  and  will  usually 
effervesce  when  acid  is  applied.  It  is  ordinarily  white  or  gray  in 
color,  and  is  the  only  rock  considered  in  the  present  discussion 
which  may  be  definitely  classed  as  of  sedimentary  origin  without 
careful  study.  It  is  usually  dolomitic — that  is,  it  contains  a  con- 
siderable proportion  of  magnesium  carbonate  and  in  many  places  has 
been  metamorphosed  to  a  genuine  marble. 

DRILLING  PRODUCTS. 

The  marked  characteristics  of  these  rocks  give  equally  charac- 
teristic products  in  drilling.  In  many  places  the  drill  will  yield 
fragments  that  are  large  enough  to  show  the  general  texture  of  the 
rocks.  In  others  the  drillings  will  all  be  in  the  form  of  rock  dust. 
In  general  the  granite  drillings  are  even  grained,  with  a  large  pro- 
portion of  the  white  or  pink  minerals,  quartz  and  feldspar,  and  the 
same  character  and  color  of  material  will  be  maintained  for  a  number 
of  feet.  Gneiss  gives  a  somewhat  similar  product  but  as  a  nde  has 
a  larger  proportion  of  biotite  (black  mica)  and  the  character  of  the 
drillings  changes  rapidly,  usually  every  few  inches.  Schist  is  gener- 
ally softer  and  more  readily  drilled  than  either  granite  or  gneiss,  and 
the  drillings  contain  a  conspicuous  amount  of  mica  which  occurs  in 
larger  particles  than  the  other  minerals.  As  in  granite,  the  drillings 
maintain  a  fairly  imiform  appearance.  The  phyllite  is  usually  a 
hard  rock  to  drill,  owing  to  its  fineness  of  grain  and  the  nearly 
vertical  position  of  its  cleavage  at  many  places.  Trap  rock  is 
considered  the  most  diflBcult  rock  to  drill,  because  of  its  hardness;  it 
is  readily  distinguished  from  the  other  types.  Limestone  drillings 
are  ordinarily  white,  and  may  be  tested  by  adding  acid  or  strong 
vinegar,  which  will  produce  an  effervescence,  owing  to  the  escape  of 
carbon  dioxide. 
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DRIFT. 

Although  m  some  places,  particularly  in  the  southern  part  of  the 
State,  the  rocks  above  described  are  exposed  at  the  surface,  they  are 
in  large  part  covered  with  glacial  deposits — till  and  stratified  drift. 
The  till  occurs  as  a  relatively  thin  layer  over  the  rock  surface  both 
in  valleys  and  on  hills,  and  the  valleys  are  filled  with  heavy  deposits 
of  stratified  sand,  gravel,  and  clay  deposits  resting  upon  the  till  and 
tending  to  form  a  flat  valley  floor.  At  many  places  the  till  has  been 
eroded  and  the  stratified  deposits  rest  directly  on  the  rock.  The 
till  deposits  on  the  hills  average  about  15  feet  in  thickness,  varying 
where  present  up  to  60  feet  or  more;  the  valley  deposits  at  many 
places  are  over  100  feet  thick  and  average  about  36  feet,  although 
varying  within  very  short  distances  owing  to  the  irregularities  of  the 
imderlying  rock  surface.  These  averages  are  made  from  the  well 
records  in  the  crystalline  areas. 

In  general,  therefore,  the  hills  have  a  configuration  corresponding 
rather  closely  to  that  of  the  underlying  rock  surface,  the  minor 
irregularities  of  which  are  masked  by  the  overlying  drift.  On  the 
other  hand,  the  valley  bottoms  are  flat  and  a  decidedly  difl'erent 
topography  would  be  shown  if  the  sand  and  gravel  deposits  were 
removed.  The  general  relation  of  the  glacial  deposits  to  the  under- 
lying rock  and  to  each  other  are  indicated  in  figure  23. 

CONDITIONS   AFFECTING    OCCURRENCE   OF  WATER   IN 
CRYSTALLINE  ROCKS. 

INTRODUCTION. 

The  occurrence  of  water  in  crystalline  rocks  is  necessarily  unlike 
that  in  most  kinds  of  water-bearing  sedimentary  rocks,  owing  to  the 
great  difference  of  texture  in  the  two  types.  In  unmetamorphosed 
sedimentary  rocks  the  pore  space  is  usually  large,  running  above 
20  per  cent  of  the  total  volume  in  many  sandstones  and  locally 
above  40  per  cent.  This  means  that  such  rocks  will  absorb  an 
amount  of  water  equal  to  one-fifth  or  even  two-fifths  of  their  entire 
volume.  In  the  crystalline  rocks  there  is  little  pore  space  between 
the  constituent  grains,  which  have  crystallized  into  their  present 
relative  positions  and  therefore  closely  interlock  with  one  another. 
Few  of  the  granites  have  a  porosity  exceeding  1  per  cent,  and  the 
average  is  0.5  per  cent  or  lower.**  In  gneissoid  granites  the  propor- 
tion of  pore  space  is  About  the  same,  and  in  slates  it  is  less,  averaging 
0.45  per  cent  or  lower.  Although  in  many  limestones  the  porosity 
runs  above  10  per  cent,  their  metamorphosed  equivalents — the 
marbles — have  a  porosity  about  equal  to  that  of  granite. 


o Buckley,  £.  R.,  Building  and  ornamental  stones  of  Wisconsin:  Bull.  Wisconsin  Geol. Survey  No.  4. 
1888,  p.  374. 
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A.    VERTICAL  JOINTS  IN  GRANITE. 


B.     HORIZONTAL  JOINTS  IN  GRANITE. 
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In  such  rocks  as  these,  which  absorb  less  than  0.5  per  cent  of  their 
volume  of  water  and  contain  less  than  1  per  cent  of  uniformly 
distributed  pore  space,  the  pores  are  mainly  of  subcapDlary  size  and, 
though  admitting  water,  allow  little  and  exceedingly  slow  trans- 
mission. In  many  of  the  sedimentary  rocks,  on  the  other  hand,  the 
oj>enings  between  the  grains  are  of  capillary  or  supercapillary  size 
and  give  ready  transmission  to  circulating  waters.  Therefore  in 
the  crystalline  rocks  the  only  circulation  of  water  which  has 
sufficient  rapidity  of  movement  to  be  of  value  as  a  soimse  of  well 
supply  must  be  through  joints  and  fractures  developed  subsequent 
to  the  crystallization.     (See  fig.  12.) 

JOINTS. 

A  joint  in  rocks  may  be  defined  as  an  opening  or  fracture  of  great 
length  and  depth  as  compared  with  its  width.  Joints  are  produced 
by  mechanical  action 
which  causes  the  rock  to 
break  into  more  or  less 
regular  blocks  after  it 
has  hardened.  They 
are  usually  attributed 
to  some  dynamic  force 
that  brings  about  move- 
ments in  the  earth's 
crust.  They  are  ordi- 
narily called  seams  or 
cracks  by  driUers. 

Vertical  joints. — ^The 
most  common  type  of 
joints  comprises  those 
in  planes  approximat- 
ing a  vertical  position. 
(See  PL  I,  ^.)  Though 
there  are  many  joints 
within  2®  or  3®  of  verticality,  the  greater  number  deviate  consider- 
ably from  this  position.  A  large  mmiber  of  measurements  were  made 
on  the  inclination  of  this  type  of  joint  in  the  crystalline  areas  of 
Connecticut,  the  average  inclination  of  a  series  at  any  exposure  being 
taken  rather  than  a  number  of  measurements  on  separate  joints  at 
the  same  exposure.  The  mean  inclination,  as  shown  by  75  obser- 
vations, was  74®  from  the  horizontal.  In  only  four  observations  did 
the  inclination  run  below  40°,  in  14  it  was  between  40°  and  70°,  in 
17  between  70°  and  80°,  and  in  40  between  80°  and  90°.  It  is  evi- 
dent that  in  the  Connecticut  crystalline  rocks  the  main  jointing  is 
between  70°  and  90°.  In  several  of  the  places  where  lower  inclina- 
tions were  observed  the  jointing  was  parallel  to  some  structure  plane 
i'^  the  rock,  .„...a  by  Google 


Figure  12.— Diagram  lUuatratlng  the  manner  In  which  a  well 
obtains  water  by  cutting  Joints. 
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Horizontal  joints. — In  many  of  the  rocks  there  is  another  set  of 
jomts  which  are  very  distinct  from  those  of  the  vertical  type,  both 
in  their  degree  of  inclination  and  in  their  general  nature.  This  set 
occupies  an  approximately  horizontal  position,  in  few  places  pitching 
more  than  20®,  and  as  a  rule  much  less  than  this.  (See  PI.  I,  B.)  In 
general  this  joint  structure  follows  the  surface  configuration  of  the 
rock,  but  here  and  there  it  pitches  at  a  low  angle  in  an  opposite  direc- 
tion to  the  slope  of  the  hillside.  In  the  most  extreme  cases  of  devia- 
tion from  a  horizontal  position  this  jointing  was  found  to  be  approx- 
imately parallel  to  planes  of  schistosity  in  the  rock.  This  is  well 
shown  in  the  lower  of  the  two  gneissoid  granite  quarries  near  Maromas. 

In  the  further  discussion  of  jointing,  the  names  vertical  jointing  and 
horizontal  jointing  will  be  used  for  these  two  main  types. 

Relation  of  rock  type  to  jointing. — Both  vertical  and  horizontal 
jointing  are  present  in  all  the  crystalline  rocks,  but  occur  in  greatly 
varying  degrees  of  development  in  the  differing  types.  The  hori- 
zontal joints  are  typically  developed  in  the  massive  granites,  where 
they  are  commoidy  very  regular.  They  form  the  most  striking 
feature  of  quarries  in  such  rocks  and  constitute  the  plane  of  separa- 
tion called  *  'bedding"  by  the  quarry  men.  In  the  gneissoid  granites 
these  joints  are  developed  equally  well,  but  their  direction  is  deter- 
mined by  the  gneissoid  structure  in  some  places  where  that  lies  at  a 
low  angle  to  the  horizontal. 

In  the  typical  gneisses  the  joints  are  irregular  and  imcertain  and 
occur  only  near  tho  surface;  in  the  schists  they  are  usually  lacking, 
althoiigh  here  and  there  irregular  and  discontinuous  fractures  may 
be  seen  running  in  a  neariy  horizontal  plane.  Where  such  horizontal 
fractures  occur  in  schists  they  are  usually  near  the  surface  and  veiy 
open. 

The  vertical  jointing  is  not  confined  to  any  particular  rock  type, 
but  is  developed  throughout  all  consolidated  formations,  both  sedi- 
mentary and  igneous.  The  degree  and  nature  of  the  development, 
however,  vary  not  only  with  varying  rock  types,  but  also  to  a  great 
extent  in  rocks  of  the  same  type  in  different  localities.  This  differ- 
ence of  development  at  the  contact  of  rocks  of  two  distinct  types  may 
consist  of  a  mere  tightening  or  closing  of  the  joint  on  passing  into  the 
second  rock,  or  of  a  difference  in  the  number  of  the  joints  in  the  two 
rocks,  indicating  that  some  joints  have  stopped  at  the  contact  Uhes. 
NuMerous  instances  of  the  former  difference  have  been  noted  in  the 
studies  of  ore  bodies,  and  a  good  example  on  a  small  scale,  typifying 
both  differences,  may  be  seen  in  the  railroad  cut  just  west  of  the 
station  at  West  Haven,  Conn.  Here  lenses  and  streaks  of  extremely 
schistose  and  slaty  rock  occur  with  similar  layers  of  compact  diabase 
several  feet  in  thickness.     The  diabase  is  completely  traversed  by 
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A.    JOINTS  IN  SCHIST  AND  METAMORPHOSED  DIABASE. 


B.    JOINTED  AND  FISSILE  SCHIST. 
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joints  and  seams,  some  of  which  stop  abruptly  at  the  contact  with 
the  schistose  rock,  while  those  which  continue  across  the  schist  are 
relatively  tight.  A  similar  occurrence  on  a  larger  scale  may  be  seen 
on  the  north  bank  of  Housatonic  River,  3  miles  above  Derby,  where  a 
schist  lies  above  a  heavy  pegmatite.  It  is  impossible  with  present 
evidence  to  say  what  will  be  the  rule  in  this  respect  at  the  contact 
of  a  schist  and  a  granitoid  rock,  but  it  seems  probable  that  in  most 
such  places  the  joints  will  become  tighter  and  less  numerous  in  passing 
from  a  granitoid  to  a  schistose  rock.     (See  PI.  II,  Ay  B,) 

Joint  direction, — ^Any  individual  joint  maintains  a  fairly  constant 
direction  with  a  few  small  curves,  and  here  and  there  the  same  direc- 
tions of  prominent  jointing  will  remain  fairly  constant  over  a  con- 
siderable area,  as  shown  by  the  observations  of  Hobbs"  in  the  Pompe- 
raug  Valley,  where  he  found  four  major  directions  of  jointing.  Where 
there  is  a  particularly  well-developed  joint  set  the  series  may  maintain 
the  same  general  direction  for  long  distances. 

In  a  series  of  observations  throughout  the  crystalline  areas  of  the 
State  it  was  foimd  by  the  writer  that  a  much  larger  proportion  of 
joint  systems  ran  in  a  northwest-southeast  direction  than  in  one 
northeast  and  southwest.  However,  for  particular  localities  the  direc- 
tion of  jointing  can  be  determined  only  by  local  observations. 

Structure  planes. — Of  secondary  importance  to  the  joints  as  regards 
water  supply  is  the  presence  of  structure  planes,  such  as  schistosity 
and  gneissoid  banding  in  the  rocks.  In  rocks  exhibiting  these 
features  there  has  been  more  or  less  fracturing  parallel  to  the  structure 
planes,  which  have  an  average  inclination  much  lower  than  the  joints. 
The  planes  of  schistosity  dip  at  all  angles,  but  for  any  single  f orniation 
there  is  usually  some  dip  which  is  more  constant  than  others.  Obser- 
vations on  these  formational  dips  in  Connecticut  show  them  to  be 
quite  as  commonly  below  45°  from  the  horizontal  as  above  that  angle, 
whereas,  as  previously  shown,  most  of  the  joints,  exclusive  of  the 
horizontal  joints,  have  greater  dips  than  75®. 

The  fracturing  parallel  to  the  schistosity  may  consist  of  rather 
widely  spaced  and  relatively  open  fractures  or  of  small  discontinuous 
breaks  an  inch  or  less  apart,  producing  a  structure  known  as  fissility. 
Whatever  the  nature  of  these  fractures,  they  will  average  a  lower 
inclination  than  joints,  although  in  some  rocks,  as  in  the  chlorite 
schist  and  phyllite  west  of  New  Haven,  they  are  nearly  vertical. 

Variation  in  jointing. — In  the  schists  and  similar  rocks,  with  a 
marked  schistose  structure,  such  as  the  schistose  granodiorite  along 
the  coast  east  of  Greenwich,  there  is  usually  one  direction  or  system 
of  jointing  that  is  more  prominent  than  any  other.     This  main  system 

o  Hobbs,  W.  n.,  The  Newark  system  of  the  Pomperaug  Valley,  ConneoUcut:  Twenty-first  Ann.  Kept. 
U.  S.  Oeol.  Survey,  pt.  3, 1901,  pp.  7-162. 
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isy  as  a  rule,  accompanied  by  a  wider  spaced  and  less  well  develop>ed 
series  of  joints  intersecting  the  main  series  at  high  angles.  In  the 
schistose  granodiorite  the  jointing  is  well  developed,  rather  closely 
spaced,  and  very  uniform  in  direction.  In  the  schists  the  joints 
maintain  a  fairly  uniform  trend,  but  are  conmionly  very  tight,  and 
in  much  of  the  rock  die  out  within  short  distances.  In  most  ex- 
posures one  or  two  distinct  series  of  joints  can  be  distinguished,  and 
many  small  irregular  fractures  connecting  the  main  joints  occxir  near 
the  surface,  but  disappear  at  relatively  shallow  depths. 

In  the  granitoid  rocks  the  vertical  joints  are  generally  more  op)en 
and  continuous  than  those  in  the  schistose  rocks,  but  usually  lack 
their  characteristic  regularity  of  arrangement  in  series  and  are  ordi- 
narily more  widely  spaced.  Although  in  many  of  these  rocks  there 
is  one  set  of  joints  with  a  general  parallel  direction,  even  in  the  joints 
which  may  be  classed  in  the  same  series  there  may  be  a  variation  of 
10°  to  20°  in  direction,  and  other  vertical  joints  may  intersect  these 
with  no  regularity  of  arrangement  with  reference  to  each  other. 
This  is  the  usual  occurrence  of  jointing  in  the  Connecticut  crystalline 
rocks  of  this  class,  but  in  certain  places  two,  three,  or  even  four  dis- 
tinct sets  of  joints  may  be  distinguished. 

The  limestones  of  the  State  are  even  more  irregularly  fractured 
than  the  granites  and  the  fracturing  is  usually  so  close  as  to  prevent 
the  use  of  the  rock  as  building  stone.  Joints  cut  these  rocks  at  all 
angles,  and  the  general  shattering  has  produced  more  open  space 
than  in  any  other  type  of  rock  which  might  be  classed  as  crystalline. 

No  general  conclusions  on  the  occurrence  of  vertical  joints  in  the 
cry^alline  areas  of  Connecticut  will  hold  for  every  portion,  as  there 
is  great  variation  in  their  occurrence  within  short  distances,  even  in 
the  same  formation.  On  the  other  hand,  the  horizontal  joints  have 
a  very  imiform  mode  of  occurrence  for  all  the  granitoid  rocks.  They 
are  approximately  parallel  to  the  rock  surface,  except  where  influ- 
enced by  local  factors  such  as  structure  planes,  and  are  spaced  at 
fairly  uniform  distances  from  one  another.  They  are  everywhere 
curved  or  wavy  and  intersect  one  another  at  varying  intervals, 
dividing  the  rocks  into  a  series  of  approximately  horizontal  wedges 
with  curved  faces.  The  principal  variation  is  in  the  closeness  of 
these  intersections.  In  some  places  the  horizontal  joints  intersect 
one  another  every  20  or  30  feet;  in  others  they  run  parallel  to  one 
another  for  100  feet  or  more.  In  general  the  horizontal  jointing  is 
more  regular,  though  not  necessarily  better  developed,  where  the 
amount  of  vertical  jointing  is  small.  A  good  example  of  this  may  be 
seen  in  the  gneissoid  granite  quarry  at  Monson,  Mass.,  where  there  is 
an  excellent  parallel  horizontal  jointing  but  vertical  joints  are  almost 
lacking  and  except  at  the  immediate  surface  are  filled  with  vein 
material. 
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FAULTS. 

Faults  may  be  considered  as  extreme  types  of  joints  in  which  there 
has  been  movement  of  one  wall  of  the  joint  plane  past  the  other. 
The  work  of  Hobbs,  Davis,  and  others  has  shown  that  there  has  been 
a  considerable  amomit  of  faulting  in  Connecticut,  and  it  is  not  un- 
common to  find  strongly  marked  shear  zones,  indicating  sUpping  in 
the  crystalline  rocks.  Tliese  are  rather  rare  phenomena,  however, 
and  are  seldom  encountered  in  well  drilling;  accordingly  they  will  be 
treated  simply  as  special  cases  of  jointing.  They  are  probably  very 
important  as  channels  for  spring  waters,  although  it  is  extremely 
difficult  and  generally  impossible  to  ascribe  any  particular  spring  to 
a  fault  plane. 

CIRCUIiATION  AND  STORAGE  OF  WATER. 

The  circulation  of  water  in  the  crystalline  rocks,  being  confined  to 
openings  of  the  sort  discussed  in  the  foregoing  pages — that  is,  those 
having  great  length  as  compared  with  their  thickness — is  necessarily 
lynited  by  the  abundance  of  these  planes  of  parting,  by  their  degree 
of  opening,  and  by  their  intersection  of  one  another;  and  there  are 
many  modifjring  factors,  such  as  local  entrance  conditions  f«>r  surface 
waters,  local  textural  variations  in  the  rock,  intrusions  and  inclusions 
of  other  rocks,  and  the  restraining  effect  of  overlying  glacial  drift. 

INFLUENCE  OP  JOINTS  AND  OTHER  OPENINGS. 

Spa4dng  of  vertical  joints, — The  vertical  joints,  which  are  the  im- 
portant water  carriers,  have  no  regularity  of  spacing  even  in  the 
same  rock.  These  joints  are  much  more  closely  spaced  in  natural 
outcrops,  owing  to  the  influence  of  weathering,  and  in  railroad  cuts 
where  there  has  been  heavy  blasting  than  in  quarries  where  the  natural 
conditions  prevaiUng  in  the  rock  below  the  surface  are  exhiltiited.  In 
such  natural  exposures  the  spacing  of  joints  was  found  to  vary  from 
a  fraction  of  an  inch  up  to  200  feet  or  more.  The  extremely  close 
jointing  occurs  only  in  sheeted  or  shear  zones  which  vary  from  a  few 
inches  to  2  feet  in  width,  and  these  sheeted  zones  are  a  considerable 
distance  from  one  another.  Instances  of  such  close  sheeting  as  to 
give  a  spacing  of  1  inch  are  exceptional,  and  are  found  in  relatively 
few  exposures.  The  same  general  occurrence  on  a  larger  scale,  how- 
ever, is  typical  of  vertical  jointing.  In  every  quarry  observed  in 
Connecticut  where  jointing  is  developed  over  a  considerable  area  the 
joints  were  found  to  be  much  more  closely  spaced  at  certain  points 
than  at  others,  constituting  a  series  of  zones  of  close  jointing  separated 
by  intervals  in  which  the  distances  between  joints  are  much  greater. 
These  zones  of  close  jointing  vary  from  1  foot  to  15  feet  in  width  and 
the  joints  making  up  the  sheeted  areas  are  spaced  from  3  inches  to 
463— IRR  232-^09 5 
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2  feet  apart.  Purington  *»  describes  a  similar  but  more  regular  occur- 
rence in  a  Colorado  mine  where,  along  the  side  of  a  drift,  fissures  30 
feet  apart  become  nearer  and  nearer  together  until  they  are  only 

3  or  4  inches  apart,  forming  a  sheeted  zone,  beyond  which  the  intervals 
gradually  increase. 

A  number  of  observations  on  joint  series  in  the  Connecticut  crystal- 
line rocks  indicate  that  at  the  places  where  jointing  is  well  develoj)ed 
the  average  spacing  is  between  3  and  7  feet.  It  is  very  diflBcult  to 
form  an  estimate  of  the  average  spacing  for  all  rocks,  however,  for 
in  some  localities,  as  in  the  quarries  at  Monson,  Mass.,  and  Sterling, 
Conn.,  there  are  exposures  of  several  acres  where  the  rock  has  been 
quarried,  and  not  more  than  three  or  four  open  joints  can  be  dis- 
tinguished in  the  entire  quarry,  giving  a  spacing  of  at  least  100  feet. 
Here  and  there  older  joints  may  be  distinguished  which  have  been 
filled  with  vein  material,  but  these  can  yield  no  water  imder  present 
conditions. 

If  it  were  supposed  that  all  the  vertical  joints  were  placed  in  paraUel 
planes,  both  major  and  minor  series,  it  is  probable  that  the  average 
spacing  would  not  be  less  than  7  feet  to  a  depth  of  50  feet  from  the 
surface.  The  average  spacing  between  vertical  joints  of  the  same 
series  for  the  crystalline  rocks,  exclusive  of  trap  and  limestone,  is 
more  than  10  feet  for  this  same  zone  of  50  feet  from  the  surface,  as 
shown  by  field  observations,  and  the  study  of  well  records  indicates 
that  this  is  not  far  from  the  average  spacing  for  all  joints  to  a  depth 
of  100  feet. 

Spacing  of  horizontal  joints, — The  horizontal  joints  present  much 
greater  regularity  of  spacing  than  the  vertical  joints.  They  are 
apparently  surface  phenomena  and  diminish  in  number  rapidly  with 
increasing  depth;  it  is  probable  that  they  do  not  exist  at  a  depth  of 
200  feet.  For  the  first  20  feet  below  the  surface  these  horizontal 
joints  average  1  foot  apart,  for  the  next  30  feet  they  average  between 

4  and  7  feet,  and  for  the  next  50  feet  they  are  much  more  widely 
spaced,  being  from  6  to  30  feet  or  more  apart. 

Continuity  of  horizontal  joints. — The  length  of  individual  hori- 
zontal joints  rarely  exceeds  150  feet,  but  owing  to  their  intersection 
of  one  another  they  may  constitute  a  continuous  opening  several 
hundred  feet  long,  which  would  have  the  form  of  a  curved  sheet 
approximately  parallel  to  the  hill  slope,  each  lower  sheet  having  less 
curvature  than  the  one  above.  They  are  probably  better, developed 
on  the  hills  than  in  the  valleys,  as  the  pitch  of  the  joints  is  usually 
less  than  the  slope  of  the  surface,  which  consequently  cuts  across 
the  joints.  Moreover,  as  they  are  more  widely  spaced  with  depth 
the  horizontal  joints  that  cross  the  valleys  are  widely  spaced. 

a  Piirinpton,  C.  W.,  Preliminary  reiwrt  on  the  mining  industri«'s  of  the  Telltirido quadrangle,  Colorado: 
Eighteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  3.  1898,  pp.  765-709. 
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Continuity  of  vertical  joints. — There  are  two  directions  in  which 
vertical  joints  may  have  great  length — vertically,  or  along  their  dip, 
and  in  the  direction  in  which  they  cut  the  surface.  No  mathematical 
relation  between  these  two  directions  has  been  determined,  but  it 
has  been  assumed  in  the  study  of  ore  deposits  that  a  fracture  will 
have  about  as  great  extent  along  the  dip  plane  as  along  the  strike 
plane.**  The  degree  of  continuity  is  very  uncertain  owing  to  the 
difficulty  of  direct  observation  on  either  the  entire  length  or  the 
depth  of  any  joint,  and  to  the  fact  that  a  joint  may  exist  with  its 
two  sides  so  closely  pressed  together  that  the  fracture  is  not  apparent 
to  the  naked  eye.  It  is  certain  that  some  joints  are  far  more  con- 
tinuous than  others  and  that  many  die  out  within  very  short  distances 
both  vertically  and  laterally.  Faults  have  the  greatest  continuity 
and  may  extend  for  several  miles  across  the  country,  or  even  for 
tens  of  miles.  The  sheeted  zones  of  closed  jointing  are  probably 
almost  as  continuous  as  faults,  and  their  dimensions  should  be 
measured  in  hundreds  of  feet.  Where  there  is  a  well-defined  series 
of  parallel  joints  the  prominent  joints  may  extend  for  several  hundred 
feet,  while  the  minor  intersecting  joints  will  be  much  shorter. 

FissUity  and  schistosity  openings. — The  circulation  of  water  as 
determined  by  structure  planes  has  not  been  discussed  up  to  this 
point  because  the  evidence  is  not  as  clear  as  in  the  case  of  joints. 
Although  it  is  probable  that  the  absorptive  capacity  of  a  schist 
would  be  greater  than  that  of  a  slate,  owing  to  the  larger  size  of  the 
grains,  the  porosity  would  still  be  too  small  to  allow  any  circulation 
in  the  pores.  In  a  crumpled  schist  there  are  probably  small  open- 
ings between  the  folded  laminae,  but  these  must  be  discontinuous 
and  would  not  allow  sufficiently  rapid  circulation  for  well  supply. 
However,  there  are  nearly  everywhere  fractures  of  considerable 
extent  parallel  to  the  schistosity,  but  with  much  less  regularity  of 
occurrence  than  the  joint  planes  in  the  same  rock.  These  fractures 
also  are  much  less  continuous  than  joints  and  die  out  within  short 
distances. 

In  such  discontinuous  fractures  the  circulation  would  be  com- 
paratively slow,  but  sufficient  for  well  supply.  Small  springs  issue 
from  such  fractures  at  many  places,  as  along  the  east  bank  of 
Connecticut  River  above  Hadlyme  Landing.  These  fractures  are 
much  more  numerous  near  the  surface,  particularly  where  the  dip 
of  the  schistosity  is  in,  a  low  plane,  and  become  tighter  and  less 
abimdant  with  increasing  depth. 

Intersection  of  fractures, — It  has  been  shown  that  the  main  circu- 
lation of  water  available  for  well  suppliers  in  crystalline  rocks  is  along 
jointing  planes,  and  it  will  be  shown  later  that  some  joints  cktty  a 

o  Ransome,  F.  L.,  Economic  geology  of  the  Sllvertoo  qtiadraiigle,  Colorado:  Bull.  U.  S.  Oeol.  Survey  ^.'o. 
182, 1901,  pp.  61.  62. 
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greater  amount  of  circulating  water  than  others.  It  is  evident  that 
the  intersection  of  joints  with  one  another  is  a  very  important 
factor  in  determining  the  degree  and  direction  of  the  underground- 
water  circulation. 

The  manner  of  occurrence  of  joints  indicates  that  such  intersection 
may  be  found  in  every  possible  direction,  but  that  there  will  be 
much  better  connection  in  some  of  them  than  in  others.  In  the 
granitoid  rocks,  where  the  vertical  joints  have  little  regularity  of 
arrangement  and  therefore  intersect  one  another  at  many  points, 
and  where  the  horizontal  joints  are  nearly  imiversal,  there  is  a 
thorough  connection  between  the  various  fractures  of  the  upper 
zone  in  which  the  horizontal  joints  occur.  In  the  schists  and  schis- 
tose gneisses,  in  which  the  joints  are  usually  more  regular  in  arrange- 
ment and  in  which  the  horizontal  joints  are  poorly  developed,  the 
connection  between  the  various  joints  is  less  complete.  In  these 
schistose  types,  as  in  the  granitoid  rocks,  there  are  invariably  cross 
joints  connecting  the  main  systems,  but  they  are  commonly  con- 
siderable distances  apart  and  are  tighter  than  the  main  joints,  so 
that  the  opportimity  for  lateral  transmission  of  water  from  one 
joint  to  another  parallel  joint  is  less  than  for  longitudinal  trans- 
mission along  the  main  joints.  The  connection  of  the  small  and 
discontinuous  fractures  in  the  planes  of  schistosity  is  much  poorer 
than  that  of  the  joints. 

Opening  of  joints. — ^The  degree  of  opening  between  the  walls  of 
joints  is  exceedingly  variable  and  very  diflScult  to  measure.  At  the 
inmiediate  surface  many  joints  have  an  opening  of  half  an  inch  to  2 
inches,  or  even  much  greater.  This  wide  opening  is  due  to  various 
weathering  and  mechanical  agencies,  which  act  only  near  the  surface, 
and  consequently  is  not  found  at  depths  below  which  these  agents  act. 
In  an  artificial  cut,  such  as  a  quarry  wall,  many  of  the  joints  which 
may  be  open  half  an  inch  at  the  surface  are  too  tight  to  admit  a 
knife  blade  at  a  depth  of  25  feet. 

The  joints  at  30  feet  below  the  siu-face  may  have  only  one-twentieth 
the  opening  that  they  have  at  the  surface,  but  the  same  proportionate 
tightening  will  not  continue  at  lower  depths,  although  it  is  certain 
that  the  greater  the  depth  the  greater  must  be  the  tendency  of  joints 
to  close,  owing  to  increased  pressure  and  to  the  smaller  opportimity 
for  lateral  expansion  below  the  level  of  minor  topographic  relief. 

The  closing  with  increasing  depth  is,  of  course,  a  measure  of  the 
vertical  continuity  of  the  joint,  and  it  seems  very  probable  that*  there 
is  a  direct  relation  between  vertical  and  longitudinal  continuity. 
Accordingly  there  is  a  great  variation  in  the  depths  at  which  different 
joints  close;  the  smaller  joints  close  at  moderate  depths,  but  the 
larger  joints  continue  to  varying  greater  depths  according  to  their 
imnortance. 
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If  the  above  statement  holds  true,  the  closmg  of  the  joints  produces 
not  only  a  tightening  with  increasing  depth,  but  also  a  decrease  in 
number  or  a  widening  of  the  space  between  joints.  This  principle 
applied  to  the  vertical  joints  is  closely  analogous  to  the  tightening 
and  increase  of  spacing  of  the  horizontal  joints  with  increasing  depth, 
which  may  be  observed  at  nearly  any  granite  quarry,  although  the 
causes  producing  the  two  types  may  be  different. 

The  application  of  this  principle  in  the  drilling  of  wells  is  of  the 
utmost  importance,  as  it  is  frequently  asserted  that  water  can  always 
be  obtained  by  going  deep  enough,  whereas  the  deeper  the  well  the 
less  the  chance  of  striking  fractures,  which  are  the  only  passages 
permitting  water  transmission  in  crystalline  rocks.  It  is  evident 
that«  owing  to  the  closing  with  depth,  there  will  be  a  much  greater 
circulation  in  the  upper  half  than  in  the  lower  half  of  any  individual 
joint. 

Though  many  of  the  joint  openings  are  supercapillary  in  size, 
most  of  them  are  probably  of  large  capillary  size.  The  upper  limit 
of  capillary  sheet  openings  is  about  one  one-hundredth  of  an  inch, 
which  gives  an  opening  of  appreciable  size,  but  in  a  freshly  quarried 
wall  the  greater  proportion  of  the  joints  have  manifestly  less  width 
than  this.  A  rough  estimate  of  the  degree  of  opening  of  joints  may 
be  made  from  the  yield  of  wells  in  the  crystalline  rocks,  which  average 
about  17  gallons  a  minute,  although  the  greater  number  give  less 
than  15  gallons  a  minute.  The  average  well  intersects  between  three 
and  four  joints,  and  this  nimiber  of  saturated  joints  would  supply 
much  more  than  the  average  yield  of  the  wells  if  the  openings  were 
appreciably  larger  than  capillary  size.  These  openings,  however, 
must  be  toward  the  upper  limit  of  capillarity  in  order  to  yield  10  to  15 
gaUons  a  minute.  Some  wells  undoubtedly  pass  through  openings  of 
much  greater  width  than  0.01  inch,  and  nearly  every  well  driller  can 
cite  several  instances  when  his  drilling  tools  have  suddenly  dropped 
several  inches.  Although  the  driller  usually  considers  the  sudden 
fall  of  the  tools  to  indicate  an  open  crevice,  the  probability  is  that 
no  actual  open  space  exists,  but  that  a  fracture  has  been  encoimtered 
in  which  decomposition  has  softened  the  rock  walls  to  such  an  extent 
that  the  material  offers  little  or  no  resistance  to  the  heavy  drill. 
Nearly  every  quarry  in  the  crystalline  areas  of  Connecticut  gives 
examples  of  such  decomposed  strips  bordering  joints,  but  such  an 
occurrence  as  an  opening  wider  than  a  fraction  of  an  inch  in  crystal- 
line rocks,  except  at  the  immediate  surface,  is  practically  unknown 
to  quarrymen. 

It  is  probable  that  openings  of  considerable  size  occur  along  fault 
planes,  but  faults  are  relatively  few  as  compared  with  joints,  and 
there  is  small  chance  of  a  drill  hole  penetrating  them.  Some  of  the 
wells  of  larger  capacity  may  derive  their  water  from  such  fault 
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openings,  although  more  probably  it  comes  from  a  closely  sheeted 
zone. 

Number  of  contributory  joints, — The  number  of  fractures  supplying 
water  to  a  single  well  varies  greatly  in  different  wells.  In  some 
wells  the  greater  part  of  the  water  appears  to  come  from  a  single 
opening;  in  others  the  water  comes  in  slowly  from  a  large  number 
of  openings.  In  the  average  well  there  are  from  one  to  four  horizons 
at  which  the  principal  supplies  of  water  are  obtained,  although  the 
yield  from  one  of  them  is  usually  greater  than  that  from  all  the  others 
together.  This  is  particularly  true  of  the  wells  from  200  to  300  feet 
deep,  in  which  the  principal  source  is  usually  very  close  to  the  bottom 
of  the  well. 

From  the  character  of  the  fractxu'es  in  the  varying  rocks  it  seems 
probable  that  the  wells  in  gneiss  and  the  deeper  wells  in  granite 
derive  their  main  supplies  from  one  or  two  comparatively  large  open- 
ings, but  that  in  the  more  schistose  rocks  the  fractures  contributing 
water  are  more  numerous  but  less  open.  In  the  upper  portions  of 
the  wells  in  granite  the  horizontal  joints  contribute  a  series  of  small 
supplies  below  the  point  where  the  water  level  is  struck. 

If  an  average  inclination  of  70°  from  the  horizontal  and  an  average 
spacing  of  10  feet  is  assumed  for  the  vertical  joints  for  the  upper  200 
feet  of  rock,  each  well  200  feet  in  depth  would  intersect  seven  joints. 
This  is  probably  not  far  from  the  average  for  all  the  wells,  exclusive 
of  the  small  and  discontinuous  fractures  near  the  surface.  Below  200 
feet  the  average  number  of  joints  intersected  would  be  somewhat 
decreased  for  the  next  100  feet  and  greatly  decreased  at  lower  depths 
than  300  feet.  It  is  evident  that  in  some  localities  the  joints  are 
much  more  closely  spaced  than  in  others,  that  locally  they  are  liighly 
inclined  and  elsewhere  lie  at  low  angles,  and  that  all  these  factors 
modify  the  number  of  fractures  which  a  well  intersects. 

WATER  LEVEL. 

If  the  fractures  were  all  equally  open  and  had  complete  connection 
with  one  another,  there  would  be  a  zone  of  saturation  in  the  crystal- 
line rocks  and  the  upper  surface  or  water  table  of  this  saturated  zone 
would  follow  rather  closely  the  shape  of  the  rock  surface,  as  in  sand 
or  other  homogeneous  porous  material.  Under  such  conditions  the 
water  in  adjacent  wells  should  rise  to  the  same  level.  In  homoge- 
neous sands  the  upper  limit  of  the  saturated  zone  is  called  the  water 
table.  In  describing  the  occurrence  of  water  in  joints  the  term 
''water  leveP^  ydW  be  used  to  indicate  the  upper  limit  of  the  satu- 
rated portions  of  the  joints. 

Observation  shows  that  the  fractures  are  of  greatly  varying  degree 
of  opening,  and  that  although  most  of  them  are  connected  with  one 
another  in  some  way  the  connection  is  nuich  better  in  some  places 
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than  in  others.  It  is  to  be  expected  that  under  such  conditions  water 
will  rise  to  different  heights,  even  in  joints  which  are  close  together, 
when  there  is  no  connection  or  very  poor  connection  between  them. 
As  a  typical  instance  of  such  variation  may  be  cited  the  wells  drilled 
for  the  Fitch  Home  for  Soldiers  at  Noroton  Heights,  Conn.  One  well 
was  drilled  to  a  depth  of  425  feet  in  the  bottom  of  a  small  valley, 
resulting  in  a  flow  of  4  gallons  a  minute  that  rose  more  than  7  feet 
above  the  surface.  A  second  well  was  drilled  130  feet  away  and  at 
an  elevation  only  4  feet  higher,  to  a  depth  of  503  feet,  and  in  this 
well  the  water  rose  only  within  15  feet  of  the  surface.  Both  wells 
passed  through  about  12  feet  of  hardpan.  The  difference  of  pressure 
head  in  these  wells,  only  130  feet  apart  but  evidently  deriving  their 
water  from  different  fractures,  is  therefore  more  than  18  feet.  Both 
these  wells  give  heavy  yields  on  pumping  and  the  pumping  of  the 
second  well  does  not  affect  the  flowing  well,  although  it  lowers  the 
level  of  the  water  in  an  old  drilled  well  higher  on  the  hillside.  Similar 
occurrences  have  been  noted  at  other  places,  even  in  wells  less  than 
100  feet  deep. 
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Figure  13. — Sketch  showing  relation  of  water  level  to  topography,    a,  Surface  of  ground;  b,  line  indi- 
cating height  at  which  wBtcr  stands  In  wells;  c,  rock  surface. 

Although  there  are  local  irregularities  in  the  water  level  in  the 
crystalline  rocks,  such  as  that  just  described,  the  general  siu'face  of 
the  saturated  zone  still  follows  the  topography,  as  is  shown  by  the 
heights  at  which  the  water  stands  in  the  various  wells.  (See  fig.  13.) 
The  following  table  indicates  the  relation  of  the  level  at  which  the 
water  stands  in  the  wells  to  the  surface  of  the  rock: 

Relation  of  water  level  in  wells  to  surface  of  rock. 


Position. 


Hills.... 
Valleys.. 
Slopes.. 


Number 
of  wells 
averaged. 


42 
24 
35  ' 


I'ercentage  with  water  level- 


Below 

rock 
surface. 


01.9 
12.5 
4X.5 


Above 

rock 

surface. 


Even 
with  rock 
surface. 


26.2  ■ 
S7.5  I 
40.0  I 


11.9 
0 
11.5 
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It  is  thus  evident  that  on  the  hills  the  water  tends  to  stand  below 
the  rock  surface,  but  that  in  the  valleys  it  is  under  suflBcient  hydro- 
static head  to  rise  above  the  rock  surface  and  under  favorable  con- 
ditions to  cause  flowing  wells. 

At  many  places  on  the  hills  the  tendency  of  the  water  level  in 
the  crystalline  rocks  to  stand  lower  than  the  rock  surface  gives 
rise  to  an  unsaturated  zone  immediately  below  the  drift,  although 
the  lower  portion  of  the  drift  itself  may  be  completely  saturated 
and  furnish  excellent  supplies  for  comparatively  shallow  dug  walk 
of  large  diameter.  The  existence  of  such  an  imsaturated  belt  is 
believed  to  be  due  to  the  facts  that  the  movement  of  water  in  certain 
places  is  more  rapid  through  the  upper  fractured  portion  of  the 
rock  where  the  joints  are  open  than  through  the  relatively  small 
capillary  openings  of  the  drift  and  that  the  water,  having  opportunity 
to  escape  from  the  rock  crevices  at  some  point  lower  than  the  enter- 
ing point,  is  carried  away  down  to  a  certain  level  faster  than  it  is 
furnished.  In  some  localities,  however,  where  the  fractures  do  not 
allow  escape  at  lower  levels,  the  water  table  of  the  drift  and  of  the 
rock  may  be  the  same;  that  is,  in  wells  deriving  water  from  rock 
seams  the  water  may  rise  to  the  same  level  as  in  open  wells  in  the 
drift  above.  However,  owing  to  the  generally  rapid  movement  in 
fracture  planes  the  general  water  level  tends  to  approach  a  flatter 
plane  in  crystalline  rocks  than  in  porous  materials  like  sand,  where 
there  is  greater  frictional  resistance  to  water  flow  and  where  the 
effect  of  capillary  flow  is  greater. 

The  term  ''water  level,'*  as  used  in  reference  to  the  depth  below  the 
surface  at  which  water  stands  in  the  openings  of  crystalline  rocks, 
in  its  broad  sense,  implies  a  surface  with  much  smaller  differences 
of  elevation  than  the  water  table  of  a  sandstone  area  having  similar 
topographic  relief,  but  with  much  greater  minor  irregularity,  owing 
to  the  great  variation  in  the  water  channels.  The  larger  fractures 
extending  for  long  distances  usually  have  some  outlet  to  the  surface, 
but  in  many  of  the  smaller  joints  the  water  passes  from  one  joint  to 
another  with  no  surface  outlet.  The  fast  flow  in  the  larger  joints 
lowers  the  level  of  the  water  in  these  and  connected  joints  below 
that  in  neighboring  unconnected  joints  having  poorer  outlets.  Even 
in  a  connected  series  the  water  level  will  have  different  heights  in 
joints  of  varying  opening,  owing  to  the  faster  flow  in  the  more  open 
joints,  where  friction  is  less. 

DIRECTION    OF   CIRCULATION.  , 

The  movement  of  water  entering  any  joint  above  the  point  where 
it  is  saturated  with  water  will  be  mainly  vertical  along  the  dip  or 
inclination  of  the  joint.  The  circulation  below  the  water  level  in 
any  joint  is  both  vertical  and  lateral.     The  lateral  motion,  along  the 
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strike  of  the  joint,  predominates,  owing  to  the  fact  that  the  length  of 
the  outlet  or  outlets  for  any  particular  joint  is  much  smaller  than  the 
total  length  of  the  joint.  Any  connected  series  of  joints  there  will 
manifestly  have  a  very  complex  circulation,  but  the  main  circulation 
ymU  be  toward  and  along  the  fractures  having  the  largest  openings  and 
the  nearest  outlets,  and  in  these  fractures  the  general  movement  will 
be  in  the  direction  in  which  the  land  slopes. 

DECOMPOSITION  AS  A   MEASURE   OP   CIRCULATION. 

The  relative  importance  of  various  joints  in  the  water  circidation 
is  indicated  by  the  decomposing  effect  of  the  water  on  the  walls  of  the 
fracture  planes.  The  oxidizing  surface  waters  carrying  carbon 
dioxide  and  organic  acids  naturally  react  on  the  minerals  in  the  rock 
walls,  the  action  being  indicated  in  some  places  by  a  mere  reddish- 
brown  staining  of  the  joint  sides  and  here  and  there  by  a  breaking 
down  of  the  mineral  particles,  giving  rise  to  a  disintegrated  border 
along  the  joint  plane.  There  is  a  great  difFereuQe  in  the  amount  of 
this  weathering,  even  in  joints  which  may  be  adjacent  members  of 
the  same  series,  indicating  that  some  joints  are  heavier  water  carriers 
than  others  of  the  same  age,  probably  owing  to  greater  opening  and 
in  some  of  them  to  better  entrance  conditions.  The  areas  of  greatest 
decomposition  are  along  the  sheeted  zones,  and  next  along  the  most 
continuous  vertical  joints,  and  in  these  fractures  the  weathering 
extends  down  to  the  limit  of  observation,  with  no  apparent  change. 
In  the  minor  joints  the  weathering  effects  are  less  conspicuous  and 
usually  appear  to  the  observer  as  mere  discolorations,  extending  from 
half  an  inch  to  3  inches  or  more  on  each  side  of  the  joint  plane  and 
becoming  less  marked  with  increasing  depth. 

As  a  rule  the  horizontal  joints  of  the  granitoid  rocks  show  less 
weathering  than  the  minor  vertical  joints.  .  Though  usually  discolored 
and  weathered  near  the  surface,  the  walls  of  these  joints  are  commonly 
unaltered  at  a  depth  of  20  feet.  However,  where  the  horizontal 
joints  are  cut  by  a  prominent  weathered  vertical  joint,  the  weathering 
effect  extends  along  the  adjacent  horizontal  joints  to  a  very  marked 
degree,  diminishing  in  amount  with  increasing  distance  from  the  verti- 
cal joint.  This  feature  is  well  shown  in  the  granite  gneiss  quarry  of 
the  Rhode  Island  Brown  Stone  Company,  1^  miles  west  of  the  railway 
station  at  Oneco,  Conn.  At  this  quarry  a  heavy  discoloration  extends 
along  the  flat  joints  for  a  distance  of  25  feet  from  a  vertical  joint, 
gradually  diminishing  in  intensity.  Occasionally  a  flat  joint  is  found 
which  is  weathered  throughout  its  exposed  length.     (See  PI.  Ill,  B.) 

In  the  sheeted  zones  it  is  common  to  find  a  strip  of  disintegrated 
material  from  1  to  6  inches  in  thickness  and  in  the  large  single  verti- 
cal joints  similar  but  narrower  bands  of  disintegrated  rock  occur. 


Digitized  by  VjOOQ IC 


74  UNDEBGROUND  WATER   RESOURCES  OF   CONNECTICUT. 

Through  such  material  as  this  a  large  amount  of  water  can  pass  with 
comparative  ease. 

If  the  degree  of  decomposition  along  joint  planes  is  taken  as  a  cri- 
terion of  the  amoimt  of  circulation  along  the  joints  it  would  appear 
that  the  circulation  is  mainly  along  the  large  vertical  joints,  next  along 
the  minor  vertical  joints,  and  in  small  amounts  along  the  horizontal 
joints.  Although  this  statement  is  probably  true  as  to  the  propor- 
tionate amounts  of  circulation  it  does  not  mean  that  the  unweathered 
vertical  or  horizontal  joints  are  dry.  The  probability  is  that  the 
lower  horizontal  joints  are  saturated  with  water,  but  that  owin^  to 
the  relatively  flat  planes  in  which  they  lie  and  their  tendency  to 
tighten  at  their  intersection  with  one  another,  the  water  has  a  very 
feeble  circulation. 

The  horizontal  joints  are  probably  much  yoimger  than  the  vertical 
joints  and  weathering  has  had  less  time  in  which  to  act,  but  the  fact 
that  some  are  weathered  more  than  others  indicates  that  even  in  these 
joints,  which  are  manifestly  of  the  same  age,  some  offer  better  condi- 
tions than  others  for  water  circulation. 

STORAGE  OF  WATER. 

The  wells  in  the  crystalline  area  of  Connecticut  are  remarkably 
constant,  showing  little  variation  in  yield  or  depth  of  water,  either 
annually  or  through  a  period  of  years.  In  some  the  yield  has 
increased  since  the  well  was  drilled  and  in  a  few  it  has  decreased,  but 
most  of  the  wells  have  shown  no  appreciable  change.  The  level  to 
which  the  water  rises  in  the  wells  shows  nearly  as  great  constancy 
as  the  yield,  although  in  the  shallower  wells  the  water  level  varies 
somewhat  with  seasonal  variations  in  rainfall,  and  in  some  of  the 
deeper  wells  a  lowering  of  water  level  has  been  noticed  in  unusually 
dry  years.  These  fluctuations  are  most  conspicuous  in  wells  of 
small  yield.  In  nearly  all  wells  the  water  level  is  lowered  to  a  greater 
or  less  extent  on  pumping,  until  by  this  lowering  a  sufficient  increase 
of  head  is  obtained  to  give  an  increased  rapidity  of  flow,  which  w^ill 
furnish  a  yield  equal  to  that  pumped  out.  When  the  pump  is  stopped 
the  water  will  gradually,  or  in  some  wells  very  rapidly,  rise  again  to 
its  normal  level.  Minor  fluctuations  are  probably  more  conmion 
than  is  reported,  as  changes  in  level  are  not  readily  noticed  in  coverexi 
wells.  However,  it  is  evident  that  there  must  be  a  very  constant 
supply  of  underground  water  to  maintain  so  constant  a  level  in  the 
wells. 

The  total  average  yearly  rainfall  in  Connecticut  is  46.89  inches, 
rather  imiformly  distributed  throughout  the  year,  and  this  uni- 
formity of  precipitation  will,  under  natural  conditions,  with  no 
artificial  removal  of  water,  give  a  fairly  constant  level  for  ground 
water  in  the  rocks.     If  25  per  cent  of  this  amount  of  rainfall  is 
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assumed  to  be  absorbed  by  the  rocks — undoubtedly  a  considerably 
higher  percentage  than  is  actually  absorbed — the  total  amount 
absorbed  by  an  area  of  rock  100  feet  square  is  9,768  cubic  feet,  or 
73,260  gallons.  A  well  pumping  15  gallons  a  minute,  which  is  about 
the  average  yield  of  wells  in  the  Connecticut  crystalline  rocks,  would 
draw  out  this  amount  in  81 .4  hours.  A  well  of  this  capacity  pumping 
for  300  days  during  the  year  for  one  hour  a  day  would  withdraw  an 
amoimt  of  water  equal  to  25  per  cent  of  all  the  water  falling  on  an 
area  within  a  radius  of  108  feet  around  the  well.  Probably  10  per 
cent  of  the  precipitation  more  nearly  represents  the  proportion 
absorbed  by  the  rock  than  25  per  cent,  and  if  so  a  well  pumping  at 
the  rate  above  indicated  would  draw  all  the  water  on  an  area  more 
than  twice  as  great.  When  it  is  considered  that  some  wells  are 
piunped  at  the  rate  of  30  gallons  a  minute  for  ten  hours  a  day  through- 
out the  year,  it  is  evident  that  a  single  well  may  drain  a  very  large 
area  of  all  the  water  it  absorbs. 

With  an  average  spacing  for  all  fractures  of  5  feet  and  an  average 
opening  of  0.01  inch,  the  saturated  fractures  in  1,000,000  cubic  feet  of 
rock,  equivalent  to  a  depth  of  100  feet  for  a  surface  area  100  feet 
square,  would  hold  833  cubic  feet  of  water,  which  a  well  with  a  capac- 
ity of  15  gallons  a  minute  could  pump  out  in  seven  hours  if  there 
were  no  renewal  of  the  supply. 

These  figures  are  sufficient  to  indicate  that  the  area  contributing  to 
any  one  well  must  be  very  large  to  maintain  a  constant  level  for  the 
water  in  the  well.  Owing  to  the  shape  of  joints  arid  the  manner  in 
which  they  intersect  one  another  this  contributing  area  will  be  in  the 
form  of  a  number  of  long  and  comparatively  narrow  intersecting 
belts,  and  the  well  will  draw  water  from  very  long  distances.  Wells 
on  islands  surrounded  by  salt  water  have  been  successful  in  obtain- 
ing supplies  of  fresh  water,  but  they  are  usually  moderate  in  yield 
and  frequently  somewhat  contaminated  by  salt  water,  so  that  as  a 
general  rule  fresh  water  obtained  in  these  locations  consists  of  that 
which  has  fallen  on  the  island  itself.  Fuller, **  however,  cites  a  well  on 
Fishers  Island,  3  miles  from  the  Connecticut  coast,  that  penetrated 
281  feet  of  imconsolidated  gravel,  sand,  and  clay  in  which  salt  water 
was  found,  and  obtained  fresh  water  in  the  crystalline  rock  below. 
No  outcrops  of  crystalline  rock  occur  on  this  island,  and  it  seems 
clear  that  the  fresh  water  must  have  come  through  the  joint  openings 
from  the  mainland  3  miles  away.  The  water  is  evidently  held  in  the 
rock  openings  by  the  restraining  covering  of  clay  above  the  rock. 

As  the  head  in  all  the  wells  is  fairly  constant,  it  is  evident  that 
the  yield  in  any  well  is  proportional  to  the  number  and  opening  of  the 
fractures  contributing  water.  As  the  heaviest  yields  are  derived 
from  the  most  open  joints,  and  as  these  joints  are  the  most  continuous 

a  FuUer,  M.  L.,  Geology  of  Fishers  Island:  Bull.  (^eol.  See.  America,  vol.  16, 1906,  p.  372. 
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(see  pp.  66-67),  the  following  relation  holds:  The  yield  of  water  from 
a  joint  is  proportional  to  its  continuity,  which  depends  partly  on  the 
number  of  intersecting  joints  and  which  consequently  determines  the 
area  contributing  to  the  wells.  If  this  relation  is  true,  and  the  yield 
is  proportional  to  the  contributing  area,  it  follows  that  there  will  be  no 
permanent  change  of  head  in  the  well  until  the  amoimt  withdrawn 
by  the  well  is  greater  than  the  annual  absorption  of  rainfall  throughout 
the  contributing  area.  This  statement  may  be  made  in  another  way : 
When  a  small  amount  of  water  is  pumped  from  a  well  the  contributing 
area  is  small,  but  as  larger  amounts  are  pumped  the  contributinjf  xarea 
is  increased  and  the  more  remote  connecting  joints  give  their  con- 
tribution to  adjust  the  difference  of  level  caused  by  the  tendency 
toward  depressions  of  the  water  level  in  the  immediate  vicinity  of  the 
well.  Owing  to  frictional  resistance  to  flow  there  will,  of  course,  be 
some  depression  at  this  point,  but  it  is  probably  relatively  small. 
When  the  amount  withdrawn  by  the  well  annually  is  greater  than  the 
amount  annually  absorbed  by  the  contributing  area  the  water  level 
in  each  connecting  joint  is  lowered  and  a  permanent  lowering  of  the 
water  level  results.  As  any  lowering  of  the  water  level  means  a  loss 
of  head  for  the  well,  and  as  the  head  determines  the  rapidity  of  flow^ 
into  the  well,  it  is  evident  that  when  the  water  level  is  lowered  the 
yield  of  the  well  will  immediately  decrease. 
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The  following  tables,  with  the  notes  succeeding  them,  compiise 
the  information  obtained  regarding  the  wells  in  the  crystalline  rocks. 
Logs  of  four  of  these  wells  are  shown  graphically  in  figure  14. 


LxMun  and  hardpan —  SO 

Soft      rock      (dlslnt^- 
icratod) 10 

HArd  rock «0 

Soft,  pulpy  micaceous 


Grarel   and    bowl- 
den 34 


MicAceonarock... 


78  Chief  supply. 


Qmr    and    yellow 


Jray    a 
schist 


34 

38  Small  supply. 

48  LarKc      supply, 
Hllghtly  salt. 

78 


Clay 15 

Clay  and  small  stones 
(ttU) 10 

Dark,  gravelly  Pleis- 
tooenedrirt 46 

Loose  bloekit  ot  rock.  SO 

Soft,  dry.  decompomKl 
rock 10 

Hard  rock  (limestone)  6 

FUllntc 6.6 

Silt 4.6 

Coarse  srravel 13.6 

Coarse  sand 36 

Hardpan IS 

Gneiss 62 

(}rRnit«     or     hard 
gnelt«» 26 

Slate 5 

(Jrniiite      or     hard 
^ncltui 5.5 


SO  Water  rs  gala, 
permin.). 


n0Water(16fral& 
116    permin.). 


6.6 
10 


64.6 
7t.6 


169.6 
164.6 
170 


200  Supply;      Tery 
Halt. 

215 

FlGUB£  14. — Logs  of  wells  In  crystalline  rocks.  1,  Well  of  Thomas  Fogarty,  Ansonia;  data  furnished  by 
C.  F.  Underwood.  2,  Well  of  Miss  E.  O.  Wheeler,  Sharon;  data  furnished  by  A.  J.  Corcoran.  3,  Well 
of  Atlantic  Starch  Works,  Westport.  4,  Well  of  Sidney  Blumenthal  Company,  Shelton;  data  furnished 
by  the  company. 
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NOTES. 

2.  Penetrated  20  feet  of  loam  and  hardpan,  10  feet  of  Hft  rock,  20  feet  of  hard  rock, 
and  46  feet  of  soft  pulpy  micaceous  rock.  Water  was  obtained  in  the  soft  micaceous 
rock.    (See  fig.  14.) 

7.  Dug  and  blasted  28  feet  and  drilled  22}  feet.  Passed  through  2  feet  of  loam,  12 
feet  of  till  with  a  1-foot  layer  of  iron-cemented  material,  14  feet  of  disintegrated  rock, 
and  22}  feet  of  hard  rock. 

10.  Water  salty  on  first  being  pumped  but  becomes  fresh  with  continued  pumping. 

18.  In  drilling,  considerable  amounts  of  water  were  encountered  in  the  sand  and 
gravel  above  the  rock.  This  water  was  cased  out  and  a  small  amount  was  found  at  a 
depth  of  25  feet  in  the  granite,  and  additional  supplies,  increasing  in  small  amounts, 
were  found  down  to  a  depth  of  150  feet.  Below  this  point  no  new  supplies  were 
encountered,  although  the  total  depth  of  the  well  is  315  feet.  The  material  penetrated 
was  as  follows:  Sand  and  gravel,  50  feet;  granite,  100  feet;  clay  and  gravel  (probably 
disintc^:rated  rock  marking  a  shear  zone),  20  feet;  soft  white  micaceous  rock  followed 
by  granite  varying  in  hardness  every  few  feet  (probably  gneiss). 

45  and  46.  Maj.  William  Spittle  has  furnished  the  following  information:  One  well 
was  drilled  to  a  depth  of  425  feet  through  12  feet  of  clay  till  and  413  feet  of  granitic 
rock,  of  nearly  the  same  character  for  the  entire  depth,  probably  a  gneiesoid  granite. 
Water  first  began  to  flow  over  the  surface  at  335  feet  from  the  top  and  continued  to 
increase  slowly  in  the  amount  of  flow  and  in  the  height  of  the  rise  above  the  surface 
with  increasing  depth.  At  present  the  water  will  rise  at  least  7  feet  above  the  surface 
of  the  well  in  a  }-inch  pipe.  In  five  months'  continuous  flowing  the  volume  of  water 
decreased  from  4  to  3  gallons  a  minute.  When  pumped  the  well  yielded  50  gallons  a 
minute  and  the  water  level  was  lowered  to  80  feet  below  the  surface  and  remained 
steady.  The  second  well  was  sunk  130  feet  away  and  at  an  elevation  4  feet  higher  to 
a  depth  of  503  feet.  This  well  yields  25  gallons  a  minute,  but  the  water  stands  at  a 
level  15  feet  below  the  surface.  The  pumping  of  the  second  well  did  not  affect  the 
yield  of  the  first. 

75.  Mr.  H.  B.  King  has  furnished  information  regarding  five  wells  drilled  for  the 
Aspinook  Company  at  Jewett  City.  They  are  from  15  to  100  feet  apart  and  from  30 
to  60  feet  in  depth,  all  penetrating  6  to  8  feet  of  sand  and  gravel.  They  are  located 
on  a  hillside  at  varying  elevations.  These  wells  each  average  20  gallons  a  minute  and 
are  all  connected  to  a  siphon  which  conducts  the  water  to  the  mill  at  an  elevation  about 
75  feet  lower  than  the  wells.  Two  of  these  wells,  15  feet  apart,  affect  each  other's 
yield,  but  the  remaining  wells  are  apparently  independent  of  one  another. 

80.  A  small  stream  of  water  was  encountered  at  83  feet  from  the  surface,  and  at  180 
feet  a  stream  of  1  gallon  a  minute;  below  this  there  was  no  increase  in  supply  to  a 
depth  of  530  feet. 

82.  At  a  depth  of  32  feet  this  well  yielded  1  gallon  a  minute  and  at  38  feet  4  gallons 
a  minute.    The  last  10  feet  of  the  well  gave  no  increase  of  supply. 

97.  Filling,  5.5  feet;  silt,  5  feet;  coarse  gravel,  13.5  feet;  coarse  sand,  36  feet;  hard- 
pan,  13  feet;  gneiss,  62  feet;  granite  or  hard  gneiss,  25  feet;  slate,  5  feet;  granite  or 
hard  gneiss,  5.5  feet.    The  total  depth  of  the  well  is  170.5  feet.     (See  fig.  14.) 

108.  On  the  slope  of  a  hill  near  the  base  of  which  are  numerous  springs.  The  water 
is  siphoned  from  the  well  to  tenement  houses  below.  In  dry  seasons  the  level  of  water 
in  the  well  drop)s  2  feet. 

182.  Drilled  on  a  small  island  in  Long  Island  Sound.  A  trace  of  fresh  water  was 
obtained  at  125  feet,  hut  the  remaining  supply  was  salty. 

188.  Fresh  water  was  obtained  at  a  depth  of  60  feet,  evidently  from  gravel  deposits, 
but  salt  water  was  encountered  in  the  rock  seams  below  this  point.  The  well  wae 
plugged  below  60  feet  and  the  fresh  water  from  the  gravel  is  utilize<l. 
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144.  No  water  was  found  in  the  first  100  feet.  In  the  next  70  feet  a  small  amount 
obtained,  possibly  40  gallons  a  day,  and  the  water  stood  at  a  level  107  feet  below 
tJxe  surface.  The  well  was  drilled  to  a  depth  of  250  feet  and  an  excellent  supply 
obtained  at  230  feet  below  the  surface.  Information  furnished  by  H.  B.  King,  the 
<iriller. 

157.  The  water  comes  from  the  contact  of  the  overlying  clay  and  the  solid  rock. 
No  water  was  found  in  the  rock,  which  is  a  quartzite  schist,  although  365  feet  of  rock 
-y^ere  penetrated. 

170.  The  following  log  is  furnished  by  the  driller,  A.  J.  Corcoran:  Solid  clay,  15  feet; 
olay  and  small  stones  (till),  10  feet;  dark  gravelly  material,  46  feet;  loose  blocks  of 
rock,  29  feet;  soft  and  dry  decomposed  rock,  10  feet;  hard  rock,  5  feet.  A  pmall 
yield  of  water,  2  gallons  a  minute,  was  found  at  a  depth  of  30  feet,  but  no  more  was 
encountered  until  the  last  5  feet  of  hard  rock  was  penetrated,  when  a  supply  of  15 
gallons  a  minute  was  obtained.    (See  fig.  14.) 

176.  Water  was  found  in  the  superficial  drift,  but  was  lost  on  encountering  a  dry 
se&m  in  the  rock. 

202.  A  good  supply  of  water  was  obtained  at  a  depth  of  25  feet,  but  this  flowed  off 
at  45  feet,  and  when  water  was  struck  again  at  60  feet  it  rose  to  this  point  and  flowed 
off  in  the  open  rock  seam. 

228.  At*35  feet  the  well  pumped  100  gallons  an  hour  and  the  water  rose  within  16 
feet  of  the  surface.  A  second  and  very  lai^  supply  was  encountered  at  a  depth  of 
51  feet  and  the  level  of  the  water  dropped  to  25  feet  below  the  surface. 

227.  Penetrated  34  feet  of  gravel  and  bowlders  and  41  feet  of  micaceous  rock,  in 
which  a  little  fresh  water  was  found  at  38  feet  below  the  surface  and  a  lazge  flow  of 
Fli^htly  salt  water  at  48  feet  below  the  surface.  The  rest  of  the  well  was  through  a 
n>ck  described  as  gray  and  yellow  sandstone  (probably  schist).  At  200  feet. very  salt 
water  was  encountered,  but  this  is  held  back  by  a  plug.    (See  fig.  14.) 

PRACTICAIi  APPLICATIONS. 

PERCENTAGE  OF  FAILURE  OF  WELLS. 

Wells  in  crystalline  rocks  are  unlike  most  other  wells,  in  that  it  is 
impossible  to  predict  their  success  or  failure,  even  when  numerous 
wells  have  been  sunk  previously  in  the  same  locality.  For  this  reason 
a  well  driller  will  rarely  guarantee  to  obtain  water  from  such  a  well, 
although  occasionally  water  is  guaranteed  and  an  additional  price 
per  foot  charged  to  offset  the  driller's  risk  of  failure. 

When  a  well  is  considered  a  failure  the  fault  lies  either  with  the 
quality  or  with  the  quantity  of  the  water  obtained.  It  is  a  very 
exceptional  well  in  which  no  water  supply  is  obtained  in  the  rock. 
Nearly  all  wells  encounter  some  water  in  the  surface  material  above 
the  rock,  but  it  is  common  for  the  drill  to  penetrate  30  or  40  feet  of 
rock,  and  occasionally  even  100  feet,  without  obtaining  enough  water 
in  the  rock  to  keep  the  drillings  wet,  so  that  water  must  be  poured 
in  At  the  top  to  allow  the  drilling  to  continue.  Although  no  satis- 
factory data  are  at  hand  regarding  the  number  of  wells  which  have 
failed  to  obtain  any  water,  it  is  certain  that  the  number  is  very 
small.  Among  237  wells  only  3,  or  1.25.  per  cent,  are  recorded  as 
obtaining  no  water.     Drillers  are  naturally  averse  to  giving  infor- 


Digitized  by  VjOOQIC 


92  UNDERGROUND   WATER  RESOURCES  OF   CONNECTICUT. 

mation  regarding  unsuccessful  wells  which  they  have  sunk,  but  the 
available  information  indicates  that,  though  dry  wells  are  uncommon, 
there  are  a  considerable  number  of  wells  in  which  the  yield  of  water 
has  Ijeen  less  than  2  gallons  a  minute.  For  certain  purposes,  such  as 
manufacturing,  this  small  supply  would  be  considered  a  failure,  but 
for  domestic  use  where  the  water  is  obtained  by  a  hand  pump  or 
windmill  a  supply  of  this  amount  is  generally  sufficient.  Among  134 
wells  whose  yield  is  known,  only  17,  about  12.5  per  cent,  furnish  less 
than  2  gallons  a  minute.  It  is  probably  a  conservative  estimate  to 
state  that  not  less  than  90  per  cent  of  the  wells  sunk  in  the  crj'stal- 
Une  rocks  have  given  suppUes  of  sufficient  amount  for  the  use  required. 

The  greater  number  of  unsuccessful  wells  in  regard  to  quaUty  are 
located  along  the  coast  or  on  tidal  rivers,  where  the  well  suppUes  are 
affected  by  sea  water.  When  a  well  is  within  a  few  hundred  feet  of 
salt  sea  water,  it  sometimes  happens  that  salty  or  brackish  water  is 
obtained,  although  perfectly  fre^h  water  is  yielded  by  other  wells  in 
similar  locations.  Six  wells  are  recorded  in  which  the  water  has  been 
contaminated  in  this  way  and  others,  regarding  which  definite  infor- 
mation is  lacking,  are  known  to  have  been  failures  for  the  same 
reason.  It  is  certain  that  a  large  percentage  of  wells  near  salt  water 
have  yielded  brackish  water  and  any  well  sunk  in  rock  on  a  small 
island  or  within  500  feet  of  the  sea  is  Ukely  to  afTord  an  unsatis- 
factory supply.  As  nearly  as  can  be  estimated  from  present  infor- 
mation, the  chances  of  failure  for  such  wells  are  between  one  in  four 
and  one  in  three. 

When  there  is  a  choice  of  several  locations,  the  well  should  be  as 
far  as  possible  from  the  sea  and  at  as  high  elevation  as  convenient. 
Several  wells  that  have  been  ruined  by  the  entrance  of  salt  water 
are  situated  on  old  salt  marshes  or  on  filled  ground  that  is  but 
shghtly  elevated  above  tide  level.  In  the  quarry  at  Millstone  Point, 
near  New  London,  which  is  about  150  feet  from  the  sea,  brackish 
water  enters  through  the  horizontal  seams  in  the  upper  part  of  the 
quarry  wall  nearest  the  Sound.  The  rock  outcrops  in  the  sea  and 
the  open  seams  have  abundant  opportunity  to  absorb  salt  water. 

VARIATIONS  IN  YIELD  AND  DEPTH. 

The  deptlis  and  yields  of  wells  vary  widely  within  very  small 
areas.  When  considered  collectively,  as  in  the  table  on  page  102,  it 
is  seen  that  there  is  an  average  increase  in  the  amount  of  water 
obtained  with  increase  in  depth  of  the  wells.  It  is  often  found,  how- 
ever, that  of  two  wells  sunk  within  100  feet  of  each  other  in  the  same 
kind  of  rock,  one  will  obtain  a  plentiful  supply  of  water  while  the 
other  may  be  sunk  to  twice  the  depth  and  obtain  only  one-tenth  the 
amount.     This  is  a  typical  case  which  nearly  every  Connecticut  well 
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driller  will  present  in  one  fomi  or  another  when  information  regard- 
ing his  drilling  experiences  is  requested. 

This  variation  within  short  distances  is  due  to  the  varied  occur- 
rence of  the  water-bearing  fractures  considered  on  the  previous  pages. 
One  well  may  be  sunk  in  a  portion  of  the  rock  in  which  the  fractures 
are  numerous  and  closely  spaced  or  it  may  intersect  a  large  open 
fracture;  the  second  well,  only  100  feet  away,  may  be  located  in  an 
area  of  widely  spread  fractures  or  it  may  intersect  only  fractures 
with  closely  compressed  walls  and  consequently  can  obtain  only  a 
meager  water  supply.  Owing  to  the  general  steep  pitch  of  joint 
planes,  there  would  be  Uttle  chance  of  two  wells  intersecting  the 
same  fracture,  although  they  might  possibly  intersect  connecting 
fractures  and  in  this  way  affect  each  other's  yield.  Even  where  two 
vrells  intersect  connecting  fractures  at  the  same  depth,  the  yield  of 
the  two  wells  would  probably  be  diflferent,  owing  to  differences  in  the 
opening  of  the  fractures. 

LIMIT  OF  DEPTH  FOR  WELLS  IN  CRYSTALLINE  ROCKS. 

Although  the  well  records  given  on  pages  78-89  show  that  supphes 
of  water  have  been  obtained  at  all  depths  from  15  feet  to  800  feet,  the 
largest  percentage  of  failures  is  among  the  wells  more  than  400  feet 
in  depth.  The  reasons  for  the  increasing  probabihty  of  failure  with 
increasing  depth  are  indicated  in  the  discussion  of  joints  (pp.  61-64), 
where  it  is  shown  that  increased  depth  means  a  decrease  in  number 
and  a  tightening  of  joints.  Increased  depth  usually  means  an 
increase  in  the  cost  per  foot,  as  drilling  is  necessarily  slower  and  con- 
sequently more  expensive  at  considerable  depths.  Owing  to  the 
great  length  of  rope  and  the  necessity  of  waiting  for  the  recoil  of  the 
stretched  rope  fewer  blows  can  be  struck  per  minute  and  there  is 
also  greater  danger  of  losing  the  drilling  tools. 

In  view  of  the  increasing  cost  and  the  decreasing  probability  of 
finding  water-bearing  seams  with  increasing  depth,  and  of  the  great 
variation  in  water-bearing  fractures  within  very  short  distances,  it 
seems  manifest  that  if  a  well  is  unsuccessful  within  a  certain  depth 
the  best  poUcy  is  to  abandon  the  well  and  start  a  new  one  at  some 
distance  from  the  first.  In  one  place  a  well  was  abandoned  in  this 
manner  and  a  second  and  successful  one  sunk  by  simply  turning  the 
rig  around  and  drilling  a  hole  less  than  20  feet  away.  It  is  always 
preferable,  however,  to  move  as  far  away  from  the  first  well  as 
possible. 

In  deciding  at  what  depth  an  unsuccessful  well  should  be  aban- 
doned a  number  of  factors  must  be  taken  into  consideration,  but  an 
estimate  that  will  prove  of  value  may  be  made  from  the  available 
well  records.     The  table  on  page  100  shows  that  the  average  depth 
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of  the  wells  varies  considerably  for  different  rocks.  The  average 
depth  in  rock  of  163  wells  is  88.8  feet  and  the  average  total  depth, 
including  the  surface  material  overlying  the  rock,  is  108.4  feet. 
About  90  per  cent  of  the  wells  are  under  300  feet  in  depth  and  82 
per  cent  under  200  feet.  In  many  of  the  wells  which  have  gone 
below  250  feet  the  main  supply  and  in  several  the  entire  supply  has 
come  from  seams  less  than  250  feet  in  depth.'  From  a  study  of  the 
recorded  wells  it  would  appear,  therefore,  that  if  a  well  has  pene- 
trated 250  feet  of  rock  without  success  the  best  policy  is  to  abandon 
it  and  sink  in  another  location.  For  wells  in  granodiorite,  which 
have  been  successful  at  an  average  greater  depth  than  in  other  rocks, 
this  depth  might  be  somewhat  too  small,  but  for  wells  in  other  rocks 
it  is  possible  that  a  maximum  depth  of  200  feet  should  be  adopted. 
The  wells  that  penetrate  200  feet  or  less  of  rock  show  a  rather 
regular  increase  in  yield  of  water  with  increasing  depth,  but  in  deeper 
wells  than  this  the  tendency  is  toward  a  smaller  average  yield  owing 
to  the  failure  of  many  of  the  wells.  The  average  yield  of  123  wells 
in  the  crystalline  rocks  is  12.7  gallons  a  minute,  and  as  their  average 
depth  is  108  feet  the  cost  of  the  average  well  for  this  yield  of  water 
at  $4.25  a  foot  is  $459. 

QUALITY  OF  WATER. 

A  general  discussion  of  the  chemical  composition  of  well  waters 
and  a  number  of  analyses  of  well  waters  derived  from  crystalline 
rocks  may  be  found  on  pages  166-168,  176-179.  The  general  quality 
of  water  from  these  rocks  is  excellent  and  they  are  well  adapted  to 
boiler  use. 

TEMPERATURE  OF  WATER. 

The  temperature  of  the  water  is  entirely  dependent  on  the  depth 
from  which  it  comes.  In  wells  less  than  50  feet  deep  the  water  will 
show  variations  in  temperature  agreeing  in  a  modified  form  with  the 
seasonal  changes.  In  wells  more  than  50  feet  in  depth  the  tempera- 
ture of  the  water  increases  at  the  rate  of  about  1  ®  to  every  60  feet 
of  depth.  The  average  temperature  of  the  water  of  49  wells  in  the 
crystalline  rocks  is  50.5®  F.  The  average  annual  temperature  of  Con- 
necticut is  47 ""  F. 

LOCATION  OF  WELLS. 

So  many  factors  are  involved  in  considering  the  location  of  a  well 
that  it  is  impossible  to  lay  down  any  set  rule  for  choosing  a  location. 
Before  sinking  a  well  it  is  always  advisable  to  find  out  what  wells 
have  been  sunk  in  the  vicinity  and  what  success  they  have  had. 
The  list  of  well  records  on  pages  78-89  gives  all  the  information  at 
hand,  although  there  are  probably  as  many  more  wells  in  Connecti- 
cut regarding  which  no  information  has  been  obtained. 
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In  localities  where,  owing  to  limited  space  or  other  factors,  there  is 
only  one  place  where  a  well  can  be  sunk,  the  only  questions  to  be 
considered  are  the  possibility  of  obtaining  a  satisfactory  supply  and 
the  probable  cost.  For  such  wells  the  information  embodied  in  this 
report  should  be  of  considerable  value. 

Where  there  is  a  choice  of  situations  for  the  well  the  following 
points  should  be  considered.  The  well  should  be  as  far  removed 
from  contaminating  influences  as  possible.  This  is  particularly 
important  for  wells  near  sea  water.  (See  p.  1 74. )  It  is  better  to  sink 
the  well  where  there  is  a  heavy  covering  of  surface  material  rather 
than  on  a  bare  rock  l^dge.  If  there  are  rock  exposures  near  by,  a 
study  of  the  joints  may  be  of  assistance  in  locating  the  well  so  as  to 
intersect  possible  water-bearing  fractures. 

The  Aspinook  Company,  at  Jewett  City,  has  adopted  a  very  suc- 
cessful scheme  which  doubtless  could  be  used  in  many  other  places. 
The  mill  is  located  below  a  hill  and  a  series  of  wells  were  sunk  on  the 
hillside  at  a  considerable  elevation  above  the  mill.  The  water  is 
obtained  by  means  of  a  siphon  and  a  very  considerable  pumping 
expense  is  thus  saved.  The  same  method  has  been  adopted  for  indi- 
vidual wells  elsewhere  and  has  proved  satisfactory. 

In  order  that  a  siphon  may  be  used,  the  water  level  must  be  not 
more  than  30  feet  from  the  surface  and  the  lower  end  of  the  siphon 
pipe  or  the  escape  valve  must  be  at  an  elevation  lower  than  the 
water  level.  The  average  depth  from  the  surface  of  the  ground  to 
the  water  level  in  the  recorded  wells  is  19  feet  on  hills  and  15  feet  on 
slopes.  The  water  level  will  of  course  lower  to  some  extent  when 
water  is  drawn  out  and  the  degree  of  lowering  will  be  proportional 
to  the  volume  of  water  removed,  but  in  many  wells  the  lowering  will 
not  be  suflScient  to  affect  the  use  of  the  siphon.  The  greatest  cer- 
tainty of  success  will  be  on  hillsides  where  there  is  a  covering  of  clay 
or  hardpan  and  where  there  are  no  outcrops  of  rock  showing  above 
the  surface  at  elevations  lower  than  the  top  of  the  well. 

The  wells  located  on  hills  average  less  in  cost  than  those  in  valleys, 
owing  to  the  greater  depth  of  the  valley  wells,  as  shown  in  the  table 
on  page  102;  but  the  average  yield  of  wells  on  hills  and  in  valleys  is 
nearly  the  same. 

CONSTANCY  OF  YIELD. 

The  wells  appear  to  maintain  a  remarkably  constant  yield  from 
year  to  year.  Although  the  drilling  of  wells  in  the  crystalline  rocks 
b  a  comparatively  new  venture  and  almost  all  of  these  wells  have 
been  sunk  in  the  last  three  years,  no  well  in  which  water  was  obtained 
has  failed  to  yield  a  supply  on  continued  use.  In  very  shallow  wells 
dry  seasons  have  marked  some  decrease  in  supply,  but  the  decrease 
has  been  small  and  only  temporary.     In  a  nximber  of  wells  the  sup- 
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ply  has  increased  after  continued  pumping,  probably  owing  to  the 
removal  of  material  lodged  in  the  rock  crevices,  which  are  cleaned 
out  by  the  running  water. 

In  some  wells  supplies  obtained  at  short  distances  below  the  surface 
have  been  lost  with  deeper  sinking,  an  open  dry  crevice  struck  at  a  lower 
level  allowing  the  water  to  run  off.  Such  occurrences  are  unusual 
and  are  foimd  at  relatively  shallow  depths.  During  the  drilling  of 
any  well  it  is  usual  to  find  a  number  of  fractures  supplying  water. 
Often  the  water  derived  from  small  sources  will  stand  at  a  certain 
level  in  the  well  and  when  the  main  supply  is  struck  will  rise  or  fall, 
depending  on  the  height  at  which  the  water  stands  in  the  main 
crevice.  There  will  of  course  be  an  equalizing  between  the  various 
supplying  fractures.  If  the  well  penetrates  one  saturated  fracture 
in  which  the  water  stands  at  10  feet  below  the  top  of  the  well  and  a 
second  fracture  in  which  the  water  stands  at  30  feet  below  the  top, 
the  water  level  in  the  well  will  occupy  an  intermediate  point  some- 
where between  10  and  30  feet  below  the  surface. 

FLOWING  WELLS. 

The  question  is  often  asked  regarding  the  possibility  of  obtaining 
flowing  wells  in  Connecticut.  A  number  of  flowing  wells  have  been 
obtained  in  the  sandstone  area  in  the  central  and  northern  portions 
of  the  State,  but  a  flowing  well  in  crystalline  rocks  is  a  very  unusual 
occurrence.  Information  has  been  obtained  regarding  six  wells  in 
the  Connecticut  crystalline  areas  in  which  the  water  has  maintained 
a  constant  flow  over  the  top  for  some  time  and  several  wells  are 
known  in  which  the  water  has  flowed  over  the  surface  for  a  few 
minutes  but  has  eventually  lowered  to  a  level  below  the  mouth  of  the 
well. 

The  occurrence  of  flowing  wells  is  therefore  common  enough  to 
demand  an  explanation.  Four  of  these  wells  have  been  personally 
visited  and  the  position  of  the  others  is  known  approximately.  Each 
of  the  wells  is  located  on  the  side  slope  of  a  hill  or  in  a  small  valley 
where  there  is  a  considerable  elevation  back  of  the  well.  One  well 
at  Greenwich  is  on  a  very  gently  sloping  surface  so  that  it  appears  to 
be  at  the  top  of  the  hill,  but  in  reality  the  ground  rises  gradually  to 
an  elevation  at  least  40  feet  higher  than  the  well.  All  the  wells  are 
in  markedly  glaciated  areas,  where  there  is  a  considerable  thickness 
of  clay  till  overlying  the  rock,  and  there  are  no  neighboring  rock 
outcrops  except  at  one  flowing  well  called  the  Buttress  Dyke  Spring, 
near  New  Haven.  This  well  is  in  an  area  of  schistose  rock  where  the 
hill  back  of  the  well  exhibits  numerous  outcrops,  but  there  are  no 
rock  ledges  showing  at  elevations  lower  than  the  well. 

From  the  study  of  the  individual  wells  and  of  the  general  occurrence 
of  water  in  rock  fractures,  it  is  concluded  that  the  artesian  conditions 
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B.     WEATHERING  DUE  TO  GROUND  WATER  IN  GRANITE  QUARRY. 
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giving  rise  to  flowing  wells  in  Connecticut  are  due  solely  to  the  capping 
of  clay  till  above  the  rock  and  that  this  capping  is  sufficiently  imper- 
vious to  prevent  the  water  escaping  from  the  rock  crevices,  at  least 
^with  sufficient  freedom  to  destroy  the  artesian  head.  The  water 
occupying  the  rock  seams  is  under  hydrostatic  pressure  owing  to  its 
confinement  on  the  sloping  hillside,  and,  an  easy  escape  being  offered 
by  the  open  well,  the  water  rises  to  the  surface.  It  is  probable  that 
the  joints  that  give  rise  to  the  flowing  wells  are  more  neariy  at  right 
angles  to  the  slope  of  the  hillside  than  parallel  to  it.  .The  same  con- 
ditions might  arise  where  the  joints  have  a  pitch  parallel  to  the 
surface  slope  and  a  very  low  inclination,  but  the  pitch  of  most  of  the 
joints  is  so  steep  that  they  would  intersect  the  surface  so  near  the 
well  as  to  give  little  or  no  head  to  the  water. 

As  far  as  water  supply  is  concerned,  flowing  wells  need  not  be  con- 
sidered as  of  any  particular  importance  in  Connecticut.  In  the  first 
place  it  is  impossible  to  predict  that  a  well  will  flow,  even  though 
the  most  favorable  location  be  chosen.  At  Noroton  Heights  two 
wells  were  simk  within  150  feet  of  each  other  in  the  same  kind  of 
location,  one  of  which  flowed  7  feet  above  the  surface,  while  in  the 
other  the  water  rose  only  within  15  feet  of  the  top.  Second,  the  flow 
at  each  of  the  flowing  wells  has  been  small,  from  1  to  4  gallons  a 
minute.  This  supply  is  too  small  for  the  use  made  of  it  at  most  of 
the  wells  and  pumping  machinery  has  been  installed.  The  wells 
have  yielded  unusually  large  supplies  when  pumped,  but  the  level  of 
the  water  has  sunk  to  a  considerable  distance  below  the  surface. 
It  is  not  known  whether  the  wells  woidd  again  flow  if  piunping  were 
stopped.     (See  PI.  Ill,  A.) 

It  is  probable  that  in  the  wells  which  flowed  for  only  a  few  minutes 
after  being  struck  the  water  then  found  an  escape  through  open  dry 
fractures  in  the  upper  portion  of  the  well,  as  the  water  level  dropped 
to  several  feet  below  the  surface. 

WELLS  IN  VARYING  ROCK  TYPES. 

A  study  of  joints  and  other  rock  fractures  indicates  that  these 
structures  vary  with  varying  rock  types,  and  as  the  water  supply  of 
wells  is  directly  dependent  on  the  fractures  it  is  to  be  expected  that 
there  will  be  corresponding  variations  of  supply  in  the  wells  in  the 
diflFerent  rock  varieties.  These  variations  are  discussed  below.  The 
records  on  which  the  discussion  is  based  are  not  as  complete  as  might 
be  desired,  but  are  sufficiently  numerous  to  have  considerable  weight. 

Wells  in  granite. — It  has  been  shown  that  the  fractures  particu- 
larly characteristic  of  granite  masses  are  the  nearly  horizontal  joints 
which  in  general  run  parallel  to  the  surface  of  the  ground.  These 
joints  are  manifestly  of  considerable  importance  in  the  transmission 
and  storage  of  water,  but  it  is  doubtful  whether  they  are  sources  of 
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large  supply  to  wells.  In  granite  quarries  where  the  horizontal 
joints  are  well  developed,  the  greater  portion  of  the  water  entering 
the  quarry  comes  through  these  flat  joints.  Owing  to  their  parallel- 
ism to  the  surface  these  joints  are  not  in  a  suitable  position  to  receive 
water  from  the  material  overlying  the  rock,  and  must  get  their  main 
supply  of  water  from  that  descending  through  the  vertical  joints. 
In  the  quarry  walls  the  largest  amoimt  of  water  escapes  and  the 
heaviest  decomposition  of  the  rock  occurs  near  the  major  vertical 
joints,  indicating  that  the  vicinity  of  such  joints  is  the  place  of  greatest 
water  circulation. 

As  a  well  sunk  in  granite  must  pass  through  a  large  number  of 
horizontal  seams,  which  are  far  more  abundant  in  the  upper  50  feet 
of  rock  than  in  the  next  50  feet,  it  would  appear  that  if  these  seams 
were  saturated  and  could  yield  good  water  supplies  the  granite  wells 
should  furnish  unusually  large  supplies  at  comparatively  shallow 
depths. 

The  records  show,  however,  that  the  wells  in  granite  yield  about 
the  same  as  those  in  gneiss  and  schist,  and  that  although  their  average 
depth  is  10  per  cent  less  than  that  of  the  wells  in  gneiss  it  is  slightly 
greater  than  the  average  of  the  schist  wells.  The  natural  inference 
to  be  drawn  is  that  though  the  number  of  contributing  fractures  to 
any  one  well  is  much  greater  in  granite  than  in  the  other  two  main 
rock  types,  the  total  yield  of  the  well  is  no  greater  than  the  amount 
furnished  by  the  vertical  joints  to  the  horizontal  joints. 

In  granite  the  vertical  joints  are  more  irregular  and  probably  more 
widely  spaced  than  in  the  other  rock  types,  but  they  are  well  connected 
with  one  another  by  the  intersecting  horizontal  joints.  The  con- 
tributing area  to  a  granite  well  should  occupy  a  space  with  an  ap- 
proximately uniform  radius  around  the  well. 

Wells  in  schist  and  gneiss, — Little  difference  can  be  distinguished 
between  the  occurrence  of  joints  in  schist  and  that  in  gneiss,  and  in 
fact  the  two  rocks  grade  into  each  other  so  completely  that  it  is  in 
some  places  difficult  to  say  whether  a  rock  is  a  schist  or  a  gneiss. 

The  marked  development  of  horizontal  joints  characteristic  of 
granite  is  lacking  in  these  rocks,  and  the  more  regular  character  of  the 
vertical  joints  tends  to  produce  a  different  manner  of  circulation 
through  the  rock.  A  single  well,  instead  of  drawing  water  from  an 
area  surrounding  it  on  all  sides,  will  draw  from  long  distances  through 
the  feeding  fractures  and  the  vertical  fractures  connecting  with 
them. 

The  wells  in  schist  and  gneiss  have  nearly  the  same  average  yield, 
but  those  in  gneiss  average  15  per  cent  deeper  than  those  in  schist. 
It  is  possible  that  the  supply  for  the  wells  in  schist  comes  not  only 
through  the  joints  but  also  through  flssility  openings  or  small  frac- 
tures parallel  to  the  schistosity.     Such  fractures  are  common  near 
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the  surface,  and  owing  to  their  inclination  might  well  absorb  consider-' 
able  volumes  of  water.  Because  of  the  small  size  and  lack  of  con- 
tinuity of  these  openings  they  would  yield  water  very  slowly  to  the 
well,  but  might  give  an  important  amount  in  the  aggregate.  The 
derivation  of  a  supply  through  such  openings,  which  would  have  their 
greatest  development  near  the  surface,  would  acxiount  for  the  relative 
shallowness  of  wells  in  schist. 

That  fractures  parallel  to  the  schistosity  may  be  important  car- 
riers of  water  is  well  shown  on,  the  east  bank  of  Connecticut  River 
above  Hadlyme  Landing,  where  there  is  a  long  exposure  of  fissile 
schist  and  a  number  of  small  springs  issue  from  partings  parallel  to 
the  schistosity. 

WeUs  in  quartzite  schist. — In  the  northeastern  portion  of  the  State 
there  is  an  important  development  of  a  rock  which  is  a  schist  but 
is  unlike  most  of  the  schists  of  Connecticut  and  will  be  treated 
separately.  This  rock  is  an  altered  quartzite  and  consists  very  lai^ely 
of  quartz  grains  with  a  very  small  percentage  of  other  minerals.  No 
study  was  made  of  the  fractures  in  this  rock,  but  information  has 
been  obtained  regarding  five  wells  which  were  drilled  in  it,  three  of 
which  are  more  than  300  feet  in  depth  and  one  more  than  200  feet. 
In  each  one  the  supply  has  been  very  small  and  unsatisfactory. 
Though  the  number  of  these  wells  is  small,  the  evidence  indicates  that 
the  rock  is  a  very  imreliable  source  of  water  supply  and  that  the 
fractures  are  few  or  poorly  developed. 

WeUs  in  phyUiie. — Near  Woodbridge  and  at  Woodmont  several 
wells  have  been  drilled  in  a  greenish  slaty  rock  or  phyllite  in  which 
the  supplies  have  proved  very  unsatisfactory.  The  cleavage  of  the 
rock  is  nearly  vertical,  causing  difficulty  in  drilling,  and  most  of  the 
fractures  appear  to  be  filled  by  some  cementing  mineral  matter. 
The  wells  that  have  been  drilled  in  this  rock  are  comparatively  shal- 
low, but  the  water  obtained  has  been  so  universally  pogr  that  the 
probability  of  getting  a  satisfactory  supply  appears  to  be  very  slight. 

WeUs  in  limestone. — Comparatively  few  wells  have  been  drilled  in 
the  limestone  area  in  the  western  part  of  the  State,  where  springs  are 
so  numerous  as  to  constitute  far  the  most  important  source  of  water 
supply.  The  limestone  itself  is  largely  recrystallized  and  changed  to 
a  marble.  It  is  dolomitic  in  part,  but  unlike  many  dolomites  is  com- 
pact and  contains  very  little  pore  space. 

The  fracturing  is  very  thorough  and  in  fact  so  complete  that  it  has 
been  found  impossible  to  obtain  blocks  for  buildmg  purposes  large 
enough  to  warrant  quarrying.  The  limestone  is  traversed  through- 
out by  irregular  fractures  which  divide  it  into  a  series  of  comparatively 
small  blocks.  Solution  is  very  effective  in  limestone,  as  the  calcium 
carbonate  constituting  the  bulk  of  the  rock  is  readily  soluble  in 
water  containing  carbon  dioxide.     No  large  solution  caverns,  such  as 
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are  typical  of  many  limestones,  have  been  found  in  the  Connecticut 
limestones,  but  the  fractures  generally  have  decomposed  borders 
several  inches  wide  and  are  sufficiently  enlarged  to  offer  easy  passage 
to  water. 

Wells  should  be  very  successful  in  this  rock,  but  because  of  its 
highly  fractured  condition  water  passes  through  it  rapidly  and  the 
level  of  the  water  in  the  wells  will  probably  be  at  a  greater  distance 
below  the  surface  than  in  rocks  of  other  types. 

Wells  in  granodiorite. — In  the  vicinity  of  Stamford  and  Greenwich 
the  wells  drilled  in  schistose  granodiorite  have  met  with  a  consider- 
able degree  of  success.  The  rock  outcrops  in  this  area  show  a  well- 
developed  and  rather  closely  spaced  jointing  which  is  nearly  at  right 
angles  to  the  schistose  structure  of  the  rock.  There  is  no  apparent 
reason  why  the  wells  in  this  rock  should  differ  from  those  in  schist 
and  gneiss,  but  the  average  depth  and  average  yield  are  much  greater. 
It  is  possible  that  especially  large  supplies  have  been  required  in  this 
locality  and  that  for  this  reason  the  smaller  supplies  in  the  upper 
portion  of  the  rock  have  been  insufficient  and  the  wells  have  been 
drilled  imtil  a  large  supply  was  struck. 

STATISTICAL  TABIiES. 

Table  1. —  Yields  of  water  at  varying  depths  in  the  rock  below  the  covering  of  surface 

material. 


[**  Vol."— averaise  yield  In  gallons  per  minute;  ** 

No."- 

number  of  records  from  which  the  average  is  taken.] 

Depth  In  feet 

0-30 

30-60 

60-70 

70-90 

90-110 

Vol. 

No. 

Vol. 

No. 

Vol. 

No. 

Vol. 

No. 

Vol. 

No. 

Schist 

8.2 

7 

1 

2 

1 
1 

9.5 
9.8 
12.4 

4 

6 
14 

21.6 

20.5 

7.6 

8.0 

6.0 

3 
2 

7 

•i- 

22.1 
14.4 

5.5 

0 

6 

G  ranite 

6.7 
11.9 

9 
13 

8 

Onelss 

2 

Granodiorite 

1 

Quartelte  schist  

Average        

3.6 

4 

9.76 

22 

11.3 

23 

12.4 

14 

15.2 

17 

Depth  In  feet 

110-200 

300-400 

400-600 

500-650 

Vol. 

No. 

Vol. 

No. 

Vol. 

No. 

Vol. 

No. 

Vol. 

No. 

f^hht                  

8.6 
13 

8.3 
46.0 

2 
5 

8 
6 

0 
60 

1 

1 

Granite      

16 

33.0 
10.7 
0 

3 
2 
3 
1 

0 

22.0 
2 
2 

1 
2 
1 
1 

Gneiss 

14.0. 

3 

Granodiorite        

Quartslte  schist 

7 

2 

Average 

20.2 

21 

16.7 

9  1  11.5 

4 

26.0 

5 

5.2 

4 

1 

Note.— The  Infonnation  at  hand  shows  no  relation  l>etween  the  depth  of  the  surface  drift  and  the  yield 
or  success  of  wells. 
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Table  2. —  Yield  of  wells  more  than  4^  feet  dwp,  with  reference  to  topographic  position. 


Location. 


Valtoys. 

HOIS... 

Slopes... 
Island... 


Depth  In 
(e<;t. 


690 
603 
425 
850 
548 
420 
486 
610 
645 
1,465 


Yield  (gal- 
lons per 
minute). 


2S' 

•all) 

2ft 

50 

40 

Poor. 

2 

Dry. 

12 

4 

^3 


>  All  vater  obtained  at  120  feet.  b  Salty. 

Table  3. — Average  yield  of  wells  in  various  locations. 


Location. 


Average 
yield  (gal- 
lons pet* 
minute. 


Number  of 
records. 


Valleys. 
IIUls... 
Slopes.. 
Flabs.. 


244 

20.6 
8.7 
18.8 


18 
27 
25 
9 


Table  4. — Relation  of  average  yitld  of  wells  in  various  topographic  locations  to  average 
yield  of  wells  in  any  rock  type  and  in  any  iocation. 

[Yield  In  gallons  per  minute.] 


Location. 

■ f— 

Relation  of  average  jield  of 
wells  In  any  location  to 
average  yield  of  all  wells  In 
same  kind  of  rock. 

Relation  of  average  yield  of 
wells   in   any   location   to 
average  yield  of  all  wells  In 
same  kind  of  location. 

Rook. 

Average 
yieldfor 
location. 

Average 
yieldfor 
rock  type. 

DUTer- 
enoe. 

Average 
yieldfor 
locaUon. 

Average 
yieldfor 
all  in 
similar 
locaUon. 

Differ- 
ence. 

(Hills 

9.3 
10.3 
21.7 
26.5 

4.7 
10.0 
21.8 
10.1 
24.3 
24.7 

2.2 
42.5 

17.4 
17.4 
17.4 
17.0 
17.0 
17.0 
17.0 
17.0 
17.0 
26.4 
26.4 
26.4 

-  8.1 

-  7.1 
+  4.3 
+  9.5 
-12.3 

-  7 
+  4.8 

-  6.9 
+  7.3 

-n.7 

-24.2 
+16.1 

9.3 
10.3 
2L7 
26.5 

4.7 
10 

21.8 
10.1 
24.3 
2L7 

2.2 
42.5 

20.6 

8.7 
24.4 
20.6 

8.7 
24.4 
20.6 

8.7 
24.4 
20.6 

8.7 
24.4 

—11.8 

Granite             

Slopes 

+  16 

Valleys 

—  2.7 

Hills 

+  59 

SchJst  

Slopes 

~  4 

Valleys 

—  14.4 

Hills. 

+  1.2 

Gneiss 

Slopes 

+  1.4 

Valleys 

-    .1 

Hills: 

+  1.1 

Ottaer  crystalline  rocks . . 

Slopes 

—  6  5 

Valleys 

+18.1 
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Table  5. — Relation  of  level  at  which  water  stbnda  in-tvcll$  in  various  locations  to  staface 
of  rock  which  uvrrfc  bottom  of  overlying  drift 


Location. 

Percentage  of 

wells  In  which 

water  level  Is 

below  rock 

surface. 

wells  In  which 

water  level  Is 

above  rock 

surface. 

Percentage  of 
wells  In  which 

water  level  is 

even  with  rock 

surface. 

fHlUs 

37 
11 
41 
50 
62.5 

0 
50 
89 
22 
44 

0 
71 

0 
00 
33 

60 

89 

50 

50 

37.6 
100 

33 

21 

78 

36 

50 

0 
100 

40 

67 

13 

Granite 

Valleys 

0 
8 
0 

Plains!!!!!!!!!]!!!!!*.!!.!!! 

Schist 

HIUs 

Valleys 

aiop^ 

0 
0 

17 

fHiUa 

10 

Gneiss 

Valleys 

0 

20 

Plains 

HIUs 

SO 
29 

Granodlorite 

Valleys 

fllniWM 

0 
0 
0 

1 

Plains...!! !.!!.!!! 

Note.— A  summary  of  the  results  for  all  wells  may  be  found  on  page  133. 

Table  6. — Average  depth  and  yield  of  wells  in  varying  rock  types. 


Depth  of  surface 
material. 

Depth  In  rock. 

Total  depth. 

leld. 

Rock. 

Feet. 

Number 
of 

Feet. 

Number 

of 
records. 

Feet. 

Number 

of 
records. 

Gallons 
minute. 

Number 

of 
records. 

Granite 

20.6 
16.3 

13. 7# 
24.1 
32.5 
14.4 

46 
60 

23 
15 
3 
5 

100.5 
112.6 

96.0 
138.5 
411.0 

8a2 

45 
70 

23 
15 
3 
5 

122.5 
131.4 

109.7 
156.6 
443.5 
93.8 

54 
73 

23 
19 
3 
5 

13.0 
12.3 

13.9 

33.0 

7.25 

Very  poor. 

35 

Gneiss 

SO 

Schist  (other  than  quartx- 
Ite  schist) 

16 

Granodlorite 

13 

Quartd  te  schist 

3 

I^yllite  (slate) 

5 

Table  7. — Average  depth  from  surface  to  water  level  in  the  well. 
Location. 


Hills... 
Valleys 
Slopes.. 
Plains.. 


Depth  to     Number  of 
water.         records. 


Feet. 


j 

19  I  76 

11  I  30 

15  44 

8  30 


Table  %.— Average  depths^  in  feet,  of  surface  material^  ofrockj  and  of  the  entire  well  for 
the  records  at  hand,  exclusive  of  wells  more  than  400  feet  in  depth  and  of  weUs  known 
to  he  dry. 


Location. 

Average 
depth  of 
surface 
material. 

Average 

depth  In 

rock. 

Average 
total  depth. 

Number 
ofreoords.* 

Valleys 

36 
17 
21 
10 

104.5 
94.0 
79.4 
74.0 

140.5 
111.0 
100.4 
84.0 

26 

iiiiis ; 

67 

Slopes 

Plains 

64 

16 

a  Average  depth  of  surface  material  based  on  only  122  records. 
Note.— Average  total  depth  of  all  these  wells  is  108.4  feet. 
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It  is  clearly  shown  in  Table  1  that  there  is  an  increase  in  the 
average  yield  of  wells  with  increase  in  depth  to  a  certain  point,  beyond 
which  the  average  yield  tends  to  decrease,  owing  mainly  to  the  larger 
proportionate  number  of  the  deep  wells  that  prove  to  be  failures. 
The  table  also  indicates  that  most  of  the  wells  are  between  30  and 
200  feet  in  depth.  The  wells  in  granite  are  evenly  distributed  over  a 
considerable  range  in  depth,  but  most  of  the  wells  in  gneiss  are 
shallow,  70  per  cent  being  less  than  100  feet  deep.  The  wells  in 
granodiorite  whose  records  are  available  are  mostly  in  the  schistose 
area  near  •Stamford,  and  the  data  indicate  that  in  this  rock  good  sup- 
plies of  water  are  obtained  at  considerable  depth. 

Table  8  indicates  that  the  impression  of  well  drillers  that  wells 
obtain  water  at  shallower  depths  on  hills  than  in  valleys  is  borne  out 
by  the  facts,  but  that  the  greater  part  of  the  difference  is  due  to  the 
heavier  deposits  of  surficial  drift  in  the  valleys.  On  the  other  hand, 
it  is  shown  in  Table  3  that  the  average  yicJd  of  wells  in  valleys  is 
somewhat  greater  than  that  of  wells  on  hiUs.  If  there  were  any 
relation  between  the  yield  of  wells  and  their  topographic  situation  it 
would  seem  that  wells  located  on  slopes  should  give  an  average  yield 
intermediate  between  that  of  the  wells  on  hills  and  that  of  the  wells 
in  valleys.  On  the  contrary,  the  wells  on  slopes  average  a  yield  less 
than  half  of  that  for  either  of  the  other  locations  and  the  wells  on 
slopes  are  also  the  shallowest  of  the  three  groups. 

Table  5  shows  that  the  ground  water  in  wells  in  granite  has  an 
occurrence  differing  from  that  in  the  other  rock  types,  the  position  of 
the  water  level  with  reference  to  the  rock  surface  being  the  reverse  in 
wells  on  hills  and  slopes  to  that  in  the  other  rocks,  though  in  the 
wells  in  valleys  the  same  relation  is  shown  by  all  rock  types. 
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CHAPTER  V. 

GROUND  WATER  IN  TRIASSIC  SANDSTONES  AND  TRAPS. 

INTRODUCTION. 

The  bed  rock  of  Connecticut,  as  is  shown  on  the  map  '(%•  11)> 
consists  of  two  main  types,  widely  separated  in  character  and  age — 
the  pre-Triassic  metamorphic  ciystalline  rock  and  the  Triassic  sand- 
stone, conglomerate,  shale,  and  lava.  In  the  sedimentary  rocks  and 
traps  of  the  Triassic  area  the  water  occurs  in  four  situations — ^within 
the  rocks  themselves,  in  bedding  planes,  in  joints,  and  along  fault 
lines. 

WATER  WITHIN  THE  ROCKS. 

CONDITIONS  OF  OCCURRENCE. 

No  rock  is  so  dense  as  to  exclude  water  entirely.  However  firm 
and  compact  it  may  appear  to  be,  there  are  spaces  between  the  indi- 
vidual grains  and  crystals,  of  capillary  size  and  larger,  which,  though 
invisible,  allow  access  and  movement  of  water.  Though  it  is  true 
that  all  rocks  possess  a  capacity  to  hold  water,  yet  the  amount  of 
available  space  varies  within  wide  limits,  in  accordance  with  the 
character  of  the  rock.  In  the  crystalline  rocks,  composed  of  closely 
interlocking  crystals,  there  is  small  space  for  water,  and  the  densest 
known  granite  (from  Montello,  Wis.)  has  an  average  porosity  of  only 
0.237  per  cent,  or  about  1  part  in  400.  In  sand  the  pores  may  con- 
stitute 30  to  40  per  cent  of  the  volume;  in  sandstone,  20  per  cent  or 
more.  The  sedimentary  formations  of  Triassic  age  in  Connecticut 
include  sandstone,  conglomerate,  and  shale,  all  of  which  have  rela- 
tively large  water  capacity. 

WATER  IN  SANDSTONE. 

The  prevailing  sedimentary  rock  in  Connecticut -^is  sandstone, 
which  varies  in  texture  from  coarse  to  fine  and  in  color  from  choco- 
late brown  to  reddish  brown,  with  local  green  and  buff  tints.  Com- 
mercially the  rock  is  known  as  ^^brownstone,*'  and  the  quarries  of 
Portland,  Long  Meadow,  and  other  places  have  furnished  a  great 
amount  of  it  for  building  purposes.  The  large  outcrops  of  sandstone 
in  Connecticut  are  generally  not  homogeneous,  presenting  as  a  rule 
wide  variation  in  grain,  conformity,  order  of  stratification,  and  rela- 
tive amounts  of  the  component  strata.  Overlapping  lenses  of  sand- 
104 
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stone,  conglomerate,  and  shale,  rather  than  uniform  beds  of  sand- 
stone, make  up  the  formation.  In  one  of  the  quarry  pits  at  Port- 
land four  types  of  rock  are  sufficiently  distinct  to  be  separated  for 
commercial  purposes. 

The  Triassic  sandstone  of  Connecticut  consists  of  quartz,  feldspar 
(in  many  locaUties  kaolinized),  biotite,  muscovite,  and  garnet,  with 
fragments  of  chlorite  schist,  mica  schist,  gneiss,  and  granite.  The 
cement  which  holds  the  grains  together  and  gives  color  to  the  rock  is 
partly  a  fihn  of  iron  oxide  surrounding  the  grains  and  partly  fine  clay. 

Sandstone  in  general  has  great'  water-holding  capacity,  and  the 
Connecticut  varieties  form  no  exception.  A  sample  from  the  Port- 
land quarry  which  was  dried  carefully  and  then  inmiersed  in  water 
for  three  months  was  foimd  to  have  increased  in  weight  during  that 
time  from  150  to  154  poimds,**  an  absorptive  ratio  of  about  one- 
fortieth  of  the  weight  of  the  specimen  examined.  The  amount  of 
water  absorbed  was  about  2  quarts  for  every  cubic  foot,  equivalent 
to  88,502,857  barrels  for  a  square  mile  of  rock  200  feet  deep.  This 
is  sufficient  water  to  form  a  lake  1  mile  in  diameter  and  50  feet  deep. 

In  spite  of  its  capacity  for  holding  such  enormous  quantities  of 
water,  the  exposed  portions  of  the  sandstone  usually  appear  dry. 
In  railroad  cuts  and  on  cUfFs 
the  water  is  not  seen  to  ooze 
out  of  the  rock  nor  to  form  a 
film  over  its  surface.  It  is 
only  in  artificial  openings,  such 
as  wells,  that  the  water  drips 

from  the  rock  itself.     This  ab-        ^  _  ,r-^^..^  ^ 

sence   of  water   on    the    face        M^M^r^^^^^^;^^ 
of  a  natural  rock  outcrop  does  ^Impervious  beo^   " 

not  indicate  that  the  rock  is     ^  _.    „    ^,         „,   ♦  *,    ^       .      ,     . 

FiauBE  15.— Diagram  Ulostratlng  depression  of  water 
not  saturated  at    a    short    dis-  surfooe  at  point  ofleakage  in  sandstone. 

tance  back  of  the  face,  for  the 

water  within  the  rock  would  naturally  seek  a  lower  level  of  escape 
through  some  bedding  plane  or  fracture  nearer  the  base  of  the 
hill.  In  several  locaUties  springs  issue  from  crevices  immediately 
above  which  the  rock  is  practically  dry.  In  such  localities  the 
water  table  is  depressed  at  the  point  of  leakage.**  (See  fig.  15.)  The 
depth  to  which  satiu*ated  sandstone  extends  varies  with  the  topo- 
graphic location  and  character  of  the  rock,  but  is  in  few  places  more 
than  a  few  himdred  feet.  Wells  are  reported  where  the  rock  was  so 
dry  between  depths  of  200  and  300  feet  that  water  had  to^be  pumped 
'  into  the  hole  to  enable  the  drill  to  perform  its  work. 

«  stone,  vol.  9, 1894,  p.  20. 

6  FuUer,  II.  L.,  Water-Sapply  Paper  U.  S.  Oeol.  Survey  No.  110, 1905,  p.  98. 
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WATER  IN  CONQLOMBRATB. 

Interbedded  with  the  sandstones  are  lenses  and  short  layers  of 
conglomerate,  and  at  several  localities,  as  in  the  vicinity  of  New 
Haven  and  elsewhere  along  the  Triassic  border,  this  rock  occurs  in 
great  abundance.  The  pebbles  in  the  conglomerate  average  from 
1  to  5  inches  in  diameter,  but  reach  extremes  of  more  than  2  feet. 
Conglomerate  is  cemented  gravel,  and  the  pebbles  of  which  the  Triassic 
conglomerate  of  Connecticut  is  composed  are  crystals  of  quartz, 
feldspar,  and  mica,  together  with  partly  roimded  fragments  of  schist, 
gneiss,  porphyries,  granite,  and  pegmatite.  The  pebbles,  large  and 
small,  lie  in  a  matrix  of  sandstone.  The  cementing  material  and 
coloring  matter  are  identical  with  those  of  the  sandstones,  except 
that  there  is  perhaps  a  smaller  amoimt  of  clay. 

The  conglomerate  contains  within  itself  abundant  water,  as  its  pore 
space  is  relatively  large,  but,  like  the  sandstone,  it  seems  to  give  up 
its  water  readily  to  joints  and  other  large  openings  and  to  be  rela- 
tively dry  at  great  depths.  The  deep  wells  in  the  Connecticut 
Triassic  area  which  have  been  failures — the  Northampton  well,  3,700 
feet  deep;  the  Westfield  well,  1,100  feet;  the  Forestville  well,  1,290 
feet;  and  the  Winchester  Arms  Company  well  at  New  Haven,  4,000 
feet — are  in  the  conglomerate.  The  easterly  dip  of  the  conglomerate 
along  the  west  side  of  the  Triassic  area  suggests  conditions  favorable 
for  flowing  wells,  especially  as  the  upturned  edges  of  the  strata  are  in 
a  position  to  receive  the  water  from  the  Western  Highlands  and  to 
carry  it  eastward  into  the  groiuid.  These  favorable  conditiojjs  are, 
however,  offset  by  the  lack  of  continuity  in  the  rock  strata  due  to 
the  presence  of  joints  and  faults.     (See  pp.  133-135.) 

WATER  IN  SHALES. 

The  shales  of  the  Connecticut  Valley,  popularly  called  "slate,"  do 
not  cover  wide  areas  to  the  exclusion  of  other  rocks,  but  occur  as 
beds  or  lentils  interstratified  with  the  sandstones,  conglomerates,  and 
lavas  which  make  up  the  Triassic  of  the  State.  Typical  shales  are 
layers  of  mud  that  have  become  consolidated  by  the  addition  of 
cementing  material  and  by  the  pressure  of  overlying  rock  masses. 
The  fragments  of  which  they  are  composed  are  largely  grains  of 
quartz,  feldspar,  and  mica,  either  fresh  or  partly  disintegrated,  and 
the  layers  into  which  a  shale  outcrop  is  divided  are  usually  but  a 
fraction  of  an  inch  thick. 

Pure  mud  shales  contain  a  large  amoimt  of  water,  but  the  pore 
spaces  are  so  small  that  they  retain  it  with  great  tenacity  and  wells 
sunk  in  unbroken  shale  beds  of  homogeneous  structure  remain  as 
holes  with  moistened  sides  but  with  an  amount  of  water  insuflScient 
for  practical  purposes.     The  Triassic  shales,  however,  are  not  homo- 
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A.    VERTICAL  AND  HORIZONTAL  JOINTS  IN  SANDSTONE. 


B.    VERTICAL  AND  HORIZONTAL  JOINTS  IN  TRAP. 
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geneous  layers  of  compressed  mud  and  silt,  but  thin  beds  of  shale 
alternating  with  sandstone,  and  much  rock  which  passes  for  shale 
or  "slate"  is  in  reality  a  very  fine  grained  sandstone  of  large  water 
capacity.  Furthermore,  the  shale  contains  some  small  lenses  of  lime 
and  gypsum,  possibly  also  salt,  which  are  readily  dissolved  and  leave 
channels  and  pipes  through  which  ground  water  may  circulate  with 
great  freedom.  The  shales  are  furthermore  broken  by  joints  and 
faults  of  sufi&cient  extent  to  permit  the  passage  of  water.  These 
characteristics  make  the  Triassic  shales  of  scarcely  less  value  than 
the  sandstone  as  sources  of  water,  although  the  quality  of  the  water 
is  usually  inferior.  The  chief  importance  of  clay  shales,  however,  is 
not  as  a  water  carrier,  but  as  a  confining  layer  in  the  midst  of  more 
porous  material  which  serves  to  collect  and  transmit  the  water,  giv- 
ing rise  to  springs  and  determining  favorable  locations  for  wells. 
(See  p.  109.) 

WATER  IN  TRAP. 

There  are  two  chief  types  of  trap  rocks  in  the  Connecticut  Valley — 
extrusive  volcanic  rocks  (basalt)  and  idtrusive  rocks  (diabase) — but 
considered  in  regard  to  their  water-bearing  capacity  they  may  be 
treated  as  one.  Except  for  the  amygdaloid  cavities  in  the  lavas, 
filled  with  fresh  or  decomposed  calcite,  zeolites,  etc.,  the  traps  are 
exceedingly  dense,  and  the  interlocked  crystals  of  feldspar  and  py- 
roxene afford  practically  no  access  to.  surface  waters.  That  ground 
water  does  not  penetrate  these  rocks  is  clearly  shown  by  the  presence 
of  unaltered  anhydrite  and  bitumen  at  depths  less  than  30  feet  from 
the  surface.  Moreover,  the  topographic  form  of  the  trap  ridges  pre- 
vents their  absorption  of  surface  waters.  They  project  high  above 
the  surrounding  plain  and  slope  in  two  directions,  and  the  rain  that 
falls  on  them  is  hurried  to  the  lowlands  in  streams.  In  fact,  the  lower 
slopes  of  the  lava  ridges  furnish  favorable  catchment  areas  for  surface 
waters,  which  are  utilized  by  Hartford,  New  Britain,  Meriden,  and 
New  Haven  for  city  water  supplies.  Under  the  most  favorable  con- 
ditions the  traps  contain  within  themselves  probably  less  than  one- 
half  of  1  per  cent  of  their  weight  of  water,  and  therefore  may  be  dis- 
r^arded  as  water  reservoirs.     (See  PI.  IV,  B,) 

WATER  IN  BEDDING  PIiANES. 

CONDITIONS  OP  OCCURRENCE. 

The  sandstone,  conglomerate,  and  shale  of  Connecticut,  although 
differing  markedly  in  texture,  in  extent  and  uniformity  of  bedding, 
and  in  structural  relations,  are  alike  in  being  water-Jaid  deposits. 
They  constitute  a  series  of  parallel  strata  separated  by  more  or  less 
definite  bedding  planes,  whose  location,  extent,  and  character  exert 
a  predominant  influence  on  the  water  supply  of  the  State.     If  the 
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strata  composing  the  Triassic  were  all  of  one  type  and  homogeneous 
the  ground  water  would  be  uniformly  distributed,  but  owing  to  the 
different  degrees  of  permeability  possessed  by  the  sandstone  and  shale 
the  water  tends  to  concentrate  along  definite  horizons.  For  example, 
a  bed  of  impervious  shale  overlain  by  sandstone  allows  water  to  accu- 
mulate in  the  upper  strata.  The  water  occupying  the  spaces  between 
the  sandstone  grains  will  find  it  easier  to  move  along  the  bedding 
plane  than  to  penetrate  the  shale,  and  if  the  plane  is  exposed  on  a 
hillside  or  in  an  artificial  opening  a  stream  or  seepage  of  water  will 
likely  be  developed.  (See  fig.  5.)  Shale  is  the  most  impervious  rock 
in  the  sedimentary  series  and  sandstone  the  most  pervious,  and  to- 
gether they  form  the  best  reservoirs,  but  water  will  occupy  the  bed- 
ding plane  between  sandstone  and  lava,  or  between  sandstone  and 
conglomerate,  or  between  two  beds  of  the  same  strata.  The  bedding 
planes  are  not  usually  actual  cavities  visible  to  the  eye,  but  rather 
planes  of  parting  through  which  water  moves  by  capillarity.  In  some 
places,  however,  the  solvent  action  of  water  operating  for  thousands 
of  years  has  widened  the  cracks  to  a  fraction  of  an  inch,  and  in  a  very 
few  localities  definite  stream  channels  several  inches  in  height  have 
been  developed  through  which  water  pours  as  small-sized  rills. 

That  water  occupies  these  bedding  planes  in  large  amount  is  abund- 
antly shown  by  direct  observation  and  by  the  experience  of  well 
drillers.  In  one  of  the  Portland  quarries,  where  pits  200  feet  in  depth 
have  been  opened  '*  water  everywhere  emerges  from  along  the  bedding 
planes,  especially  along  the  shaly  partings,  where,  dripping  down,  it 
darkens  the  quarry  walls  over  large  surfaces.''**  In  1906  an  exposed 
rock  wall  75  feet  in  height  in  this  quarry  showed  water  entering  from 
the  bedding  planes  in  large  amounts,  but  none  coming  from  the  joints 
or  oozing  from  the  rock  surface.  In  dozens  of  springs  within  the 
sandstone  area  the  water  issues  from  the  contact  between  strata  of 
varying  texture  and  composition. 

The  experience  of  well  drillers  leads  to  the  same  conclusion.  C.  L. 
Wright,  of  Augurville,  who  has  sunk  many  wells  in  the  sandstone, 
finds  that  the  water  comes  from  *  'flat  seams  " — that  is,  bedding  planes 
at  the  '* juncture  of  firmer  rocks  overlain  by  loose-textured  rocks"— 
and  that  water  frequently  passes  from  these  planes  as  a  ''sheet  ex- 
tending entirely  across  the  drill  hole.''  A.  A.  Murray,  of  Middletown, 
reports  that  the  largest  amount  of  water  '*  is  to  be  encountered  in  hard 
rock  directly  at  its  contact  with  shale.''  In  the  vicinity  of  Hartford, 
according  to  C.  L.  Grant,  the  "usual  water  horizon  is  in  the  sandstone 
directly  above  the  shale." 

That  water  circulates  freely  along  definite  bedding  planes  is  shown 
by  the  manner  in  which  wells  that  are  located  in  proximity  tend  to 
influence  one  another.     For  example,  five  wells  of  the  Electric  Light 

a  Stone,  vol.  9, 1898,  pp.  42-43. 
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Company  in  Hartford,  sunk  in  sandstone  and  shale  to  a  depth  of  200 
to  225  feet  and  situated  40  to  50  feet  apart,  are  all  affected  when 
crater  is  pumped  from  any  one,  apparently  because  they  draw  their 
-water  from  the  same  bedding  plane.  Other  interesting  evidence  of 
the  presence  of  water  in  bedding  planes  and  its  movements  along  these 
planes  is  furnished  by  two  wells  at  the  sanitarium  2  J  miles  northwest 
of  Wallingford.  One  of  the  wells  became  contaminated  by  gasoline 
from  a  buried  tank,  and  shortly  afterward  the  other,  225  feet  distant 
in  the  direction  of  the  slope  of  the  rock,  became  contaminated  also. 
The  polluted  water  had  apparently  traveled  down  the  tilted  bedding 
plane  between  sandstone  layers. 

Another  proof  of  the  circulation  of  water  along  bedding  planes  is 
found  in  the  fact  that  the  rock  bounding  these  planes  is  decomposed 
by  the  action  of  chemicals  carried  by  subterranean  waters.  In  quar- 
ries and  railroad  cuts  where  these  bedding  planes  are  exposed  they 
usually  appear  as  lines  or  zones  of  discolored  rock,  but  in  many  places 
there  is  a  distinct  layer  of  leached  and  disintegrated  material  that  has 
formed  in  place  by  slowly  moving  ground  water  charged  with  carbon 
dioxide  and  other  chemical  reagents. 

BLACK  SHALE. 

Probably  the  most  impervious  rock  within  the  Triassic  area  is  the 
black  bituminous  shale  which  occurs  as  a  member  of  the  ** Posterior" 
sandstones.  (See  p.  39.)  In  the  -vicinity  of  Hartford  this  shale  has 
been  penetrated  by  wells  at  a  number  of  localities  and  at  different 
depths,  and  it  rarely  fails  to  define  a  water  horizon  of  great  impor- 
tance. The  logs  of  wells  shown  in  figures  16  and  17  were  furnished 
mainly  by  C.  L.  Grant  and  demonstrate  two  interesting  facts — (1) 
that  the  water-bearing  strata  may  be  shale,  as  in  the  Newington, 
Allyn  House,  and  Goodwin  Park  wells;  or  sandstone,  as  in  the  Bloom- 
field  wells;  or  conglomerate,  as  in  the  Windsor  street  well;  and  (2) 
that  the  typical  posterior  black  shale,  unmixed  with  sandy  layers,  is 
a  water-confining  bed  of  exceptional  impermeability,  even  where  only 
10  feet  in  thickness.  The  well  of  F.  C.  Dininy  obtains  its  princfpal 
water  supply  at  256  feet  below  the  surface  and  little  water  was  en- 
countered at  a  greater  depth. 

WATER  IN  JOINTS. 

VERTICAL  AND  HORIZONTAL  JOINTS. 

As  explained  on  pages  37-38,  all  rocks  are  traversed  at  relatively 
short  intervals  by  cracks  or  seams  which  serve  to  mark  the  rock 
surface  into  polygons  and  break  it  up  into  blocks  of  various  sizes. 
These  are  the  joints  in  rocks,  and  their  presence  and  distribution  are 
important  factors  bearing  on  the  water  supply  of  Connecticut. 
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influence  of  Triassic  black  shale  in  determining  water  horiioiis.  1,  Well  of 
Hartford;  water  stands  at  95  feet  when  well  Is  pumped;  3iekls40  gattoosa 
H.  C.  Douglass,  Bloomfield;  flows  2  feet  above  surfMse;  datafumlslwd  by 
Hartford. 


Digitized  by  VjOOQIO 


GBOUND   WATEB  IN  TBIA8SIC  SANDSTONES  AND  TRAPS. 


Ill 


The  joints  in  Triassic  sandstone^  conglomerate,  and  shale  intersect 
at  various  angles,  both  in  the  vertical  and  in  the  horizontal  plane, 
and  many  of  the  blocks  which  they  bound  are  wedges  of  large  or 
small  size.  Numerous  measurements  of  the  inclination  of  joint 
planes  show  that  they  stand  commonly  at  high  angles  approaching 
the  vertical.  In  the  Fairhaven  timnel  the  prominent  joints  dip 
between  65**  and  86°  S.  In  the  railroad  cut  north  of  Yalesville  and 
in  several  other  localities  the  dip  of  the  main  joints  is  less  than  10° 
from  the  vertical.  Approximately  three-fourths  of  the  conspicuous 
joint  planes   noticed  at  sixteen  locaUties  in  Tnassic  sedimentary 
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fusutE  17.— WeO  logs  showing  influenoe  of  Triassic  black  shale  in  determining  water  horizons.  1 ,  Flowing 
veU  at  Goodwin  Park,  Hartford.  2,  Well  of  L.  A.  Storrs,  Bloomficld.  3,  Weil  of  Dr.  A.  B.  Johnson, 
Newington;  yields  40  gallons  a  minute. 

rocks  are  between  70®  and  90°  from  the  horizontal.  There  are, 
however,  numerous  fractures  which  are  nearly  or  quite  parallel  to 
the  planes  of  stratification  and  which  serve  to  break  the  rock  into 
still  more  irregular  and  indeterminate  fragments.  These  hori- 
zontal joints  are  in  many  places  approximately  parallel  to  the  sur- 
face of  the  ground,  and  where  they  cross  the  bedding  planes  it  is 
usually  at  an  angle  of  less  than  25°. 

Joints,  both  vertical  and  horizontal,  are  more  common  and  more 
conspicuous  and  intersect  at  a  larger  number  of  angles  in  conglomer- 
ate and  coarse  sandstone  than  in  shales.  In  fact,  large  regular  blocks 
of  conglomerate  are  quarried  in  very  few  places  within  the  State. 
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In  the  sandstone  quarries  the  jomts  are  fairly  regular  and  evenly 
spaced.  In  the  long  exposure  of  shaly  sandstone  in  the  gorge  at 
South  Meriden  vertical  joints  are  rare.  Near  Mill  Rock  joints  in 
fine  sandstone  start,  branch,  and  die  out  within  a  few  inches,  and  in 
a  number  of  localities  joints  traversing  sandstone  and  conglomerate 
stop  abruptly  on  reaching  a  stratum  of  sh^le.     (See  below.) 

DIRECTION  AND  CONTINUITY  OF  JOINTING. 

In  the  Portland  quarry  the  prominent  joints  run  N.  50°  E.,  N. 
60°  E.,  N.  75°-85°  E.,  and  N.  20°  W.;  in  the  vicinity  of  New  Haven 
the  chief  jomts  extend  east  and  west,  N.  70°-80°  W.,  N.  20°  W.,  N. 
15°-20°  E.,  and  N.  50°  E.;  at  West  Granby,  N.  80°  W.,  N,  35^  W., 
N.  10°  E.,  and  N.  20°  E.;  at  West  Cheshire,  N.  80°  W.,  N.  50°-^0° 
W.,  N.  30°  W.,  N.  10°  E.,  and  N.  55°-60°  E.  In  the  Pomperaug 
Valley  Hobbs**  foimd  four  major  directions  of  jointing — N.  34°  W., 
N.  5°  W.,  N.  15°  E.,  and  N.  54°  E,  Although  these  uniform  joint 
directions  indicate  some  cause  operating  throughout  the  Triassic 
areas,  there  are  many  local  variations,  and  in  each  region  prominent 
cracks  occur  which  do  not  correspond  with  the  more  common  joints. 
For  practical  purposes  each  locality  must  be  studied  separately. 

Some  of  the  more  prominent  joint  planes  have  been  traced  on  the 
surface  for  several  hundred  feet  and  from  the  top  to  the  bottom  of 
the  deepest  quarry  and  railroad  cuts.  A  few  doubtless  extend  paral- 
lel to  fault  lines  for  some  thousands  of  feet.  Most  of  the  joints 
observed,  however,  appear  as  open  cracks  for  distances  rarely  exceed- 
ing 50  feet,  though  they  may  extend  for  great  distances,  both  ver- 
tically and  horizontally,  as  invisible  parting  planes. 

SPACING  OF  JOINTS. 

In  the  outcrops  of  sedimentary  rock  examined  there  was  found 
great  irregularity  in  the  number  and  distribution  of  joints.  In 
places  the  joints  are  50  to  60  feet  apart;  elsewhere  ten  to  twenty  joints 
occupy  50  feet  of  wall  space.  In  most  large  outcrops  there  are  zones 
along  which  joints  are  crowded  at  intervals  of  less  than  an  inch,  and 
on  weathered  surfaces  and  in  cuts  where  blasting  has  been  carried 
on  the  rock  is  shattered  into  fragments  a  few  inches  in  thickness  by 
a  multitude  of  intersecting  joints.  Outcrops  of  red  and  black  shale 
occur  in  which  the  horizontal  joints  have  separated  the  rock  into 
chips  or  flakes  that  could  be  removed  with  a  shovel.  It  is  evi- 
dent that  in  such  rock  ground  water  would  circulate  freely  and  be 
stored  in  large  quantities.  In  the  Portland  quarries  the  main  sets 
of  vertical  joints  are  30  feet  or  more  apart;  at  the  north  end  they  are 
35  to  100  feet  apart;  and  nowhere  in  the  quarry  were  joints  of  the 

«  Hobb«,  W.  U.,  Twenty-first  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  3, 1901,  p.  100. 
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same  series  observed  nearer  than  7  feet  from  each  other.  In  the 
railroad  tmmel  at  Fairhaven  the  larger  joints  are  about  25  feet  apart 
and  converge  at  low  acute  angles  and  branch  out.  At  Pine  Rock 
and  West  Rock  the  joints  of  all  kinds  average  about  five  to  a  linear* 
yard.  The  spacing  of  joints  and  their  angle  of  inclination  are  the 
factors  which  determine  the  number  contributory  to  a  well. 

Both  vertical  and  horizontal  joints  are  wider,  more  numerous, 
and  more  closely  spaced  near  the  surface  than  farther  down.  In  one 
quarry  observed  by  the  writer  the  upper  30  feet  of  wall  had  nearly 
twice  as  many  horizontal  joints  as  the  second  30  feet.  The  eflFect 
of  joints  is  to  greatly  favor  the  absorption  of  water,  but  this  must 
be  a  surface  phenomenon,  as  the  joints  die  out  with  increasing  depth. 
In  Connecticut  large  open  joints  are  probably  rare  at  depths  exceed- 
ing 200  feet. 

OPENING  OF  JOINTS. 

Some  joints  at  the  earth's  surface  and  probably  all  joints  at  con- 
siderable depths  are  tightly  closed  and  are  more  nearly  planes  along 
which  the  rock  might  be  broken  than  open  cracks.  Many  joints, 
however,  are  a  fraction  of  an  inch  wide,  some  are  1  inch  to  2  inches 
wide,  and  in  the  Blakeslee  quarry  horizontal  joint  zones  3  to  4  inches 
wide  are  found.  One  crack  in  this  quarry  which  is  2^  inches  in 
width  at  the  top  was  so  narrow  at  the  bottom  that  a  sheet  of  note 
paper  could  not  be  inserted.  Many  joints  exposed  in  quarry  walls 
are  filled  with  decomposed  rock  through  their  extent,  and  experi- 
ence in  well  drilling  proves  that  decomposition  extends  to  consider- 
able distances  and  serves  to  enlarge  cracks  to  an  important  degree. 
(See  pp.  73-74.)  Where  two  joints  intersect  or  where  one  crosses  a 
bedding  plane  a  channel  may  be  developed  by  removing  the  disinte- 
grated rock  which  forms  the  boundary  planes.  (See  fig.  18.)  In 
one  of  the  Portland  quarries  the  water  enters  in  good-sized  streams 
from  vertical  joints  to  an  amount  estimated  at  250,000  gallons 
daily.  Such  freedom  of  circulation  woiJd  account  for  the  water- 
laid  sand  found  in  joints  at  Hartford  20  feet  below  the  surface. 
Numerous  small  joints,  however,  furnish  more  abundant  and  uni- 
form water  supply  than  a  few  large  open  fractures. 

JOINTS  IN  TRAP. 

The  direction,  continuity,  and  inclination  of  cracks  in  the  trap 
of  the  Triassic  area  are  essentially  the  same  as  in  sandstone.  Expo- 
sures of  trap  rock  are  invariably  characterized  by  well-developed 
vertical  joints  intersecting  one  another  in  all  directions  in  vertical 
planes  and  dividing  the  rock  into  a  series  of  polygonal  blocks.  This 
type  of  jointing  undoubtedly  is  more  conspicuous  in  exposures  than 
it  would  be  in  imweathered  ledges,  yet  the  structure  is  developed  in 
463— IKK  232-09 8 
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deeply  buried  rock  and  occasions  trouble  in  drilling,  owing  to  the 
breaking  off  of  angular  blocks  that  wedge  the  tools. 

The  opening  of  joints  in  trap  and  their  value  as  reservoirs  are 
practically  the  same  as  in  the  denser  crystalline  rocks  described  in 
Chapter  IV  (pp.  54-103). 

WATER  ALONG  FAULT  LINES. 

Faults  in  rock  are  joints  or  cracks  along  which  the  strata  have 
moved  up  or  down  or  sidewise.  The  amount  of  displacement  may 
be  a  fraction  of  an  inch  or  thousands  of  feet^  but  as  a  rule  there  is  a 
complete  break  in  the  continuity  of  the  strata  and  a  more  or  less 
open  crack  to  mark  the  line  of  ruptiu^.  Few  faiJts  are  single  clean- 
cut  breaks;  more  commonly  they  consist  of  a  number  of  breaks  that 
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Fouit  zona  Foutt  zone 

FioxniB  18.— Sketch  showing  fault  zones  In  sandstone. 

result  in  shattering  the  rock  along  a  line  some  feet  in  width,  forming 
a  zone  of  material  arranged  as  a  confused  mosaic  of  loose  or 
cemented  fragments. 

The  structure  of  faiJt  zones  is  favorable  for  the  absorption  of 
large  quantities  of  ground  water,  which  may  4)e  readily  recovered. 
(See  fig.  18.)  Many  springs  in  Oregon,  the  hot  springs  of  the  southern 
Appalachians,  Saratoga  Springs,  etc.,  are  located  along  faults,  and 
the  character  of  their  waters  is  due  to  the  great  depths  from  which 
they  come.  The  relation  of  springs  to  fault  lines  is  a  well-known 
phenomenon  in  Connecticut  and  some  striking  instances  have  been 
described  by  W.  H.  Ilobbs.^  At  one  place  in  the  Pomperaug  Valley 
eight  springs  occur  within  a  distance  of  60  rods,  all  located  on  a  single 

a  Twenty-flrst  Ann.  Kept.  U.  S.  CJeol.  Purvey,  pt.  3, 1901,  pp.  »l-93. 
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fault  line.  Near  South  Britain  a  number  of  springs  are  located  at 
the  intersection  of  two  or  more  fault  lines.**  Where  fault  lines  are 
expK)8ed  in  cuts  and  quarries  the  circulation  of  water  in  them  is 
shown  by  actual  seepage,  by  growth  of  plants,  and  by  a  zone  of 
decomposed  rock,  formed  by  the  solvent  and  oxidizing  power  of  the 
groimd  water  carrying  carbon  dioxide,  etc.,  in  solution.  The  rela- 
tion of  faiJts  to  water  supply  is  well  illustrated  in  the  Middlesex 
quarry.  Here  the  principal  water  carrier  is  an  oblique  fault  zone  6 
inches  to  1  foot  wide,  which  not  only  absorbs  much  water  from  the 
earth's  surface  but  is  also  the  main  artery  receiving  supplies  from 
bedding  planes  one-fourth  to  one-half  inch  wide.  This  faiJt  con- 
tains probably  15  per  cent  of  open  space  available  for  water  storage. 
Examples  of  wells  located  on  f aidts  are  those  of  the  Hartford  Light 
and  Power  Company  and  of  Armour  &  Co.  at  Hartford.  The  wells 
at  the  New  York,  New  Haven  and  Hartford  power  house  and 
the  Berlin  Brick  Company  and  the  Yale  Brick  Company's  works, 
Berlin  Junction,  and  at  Hotel  Russwin,  New  Britain,  are  advantage- 
ously located  near  fault  zones. 

RECORDS   OF  WEL.L.8  IN  TRIASSIC    SANDSTONES,    CON- 
GLOMERATES, AND  SHALES. 

The  records  of  wells  on  the  following  pages  have  been  selected  to 
show  the  conditions  controlling  the  recovery  of  ground  water  in  the 
Triassic  sediments  of  Connecticut. 


a  Water-Supply  Paper  U.  S.  Geol.  Survey  No.  67, 1902,  p.  80. 
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NOTES.a 

1.  Paased  through  20  feet  of  gravel,  25  feet  of  quicksand,  25  feet  of  gravel  and 
hardpan,  and  30  feet  of  red  shale,  in  which  the  water  was  obtained.  The  water  comes 
in  slowly  and  carries  fine  sediment. 

12.  A  little  water  was  obtained  at  a  depth  of  50  feet  and  the  water  rose  within  12 
feet  of  the  surface  and  remained  at  this  level  until  a  large  supply  was  struck  at  a 
depth  of  325  feet,  when  the  water  level  lowered  to  35  feet  below  the  Burface. 

24.  Passed  through  17^  feet  of  soil  and  through  54  feet  of  trap  ending  in  a  hard  red 
rock,  probably  sandstone.  The  source  of  the  water  is  at  the  contact  between  the  trap 
and  the  sandstone. 

26.  This  well  was  drilled  through  sandstone  into  trap  rock  and  tlie  water  enters 
above  the  trap. 

88.  This  well  is  52  feet  deep  and  6  inches  in  diameter,  40  feet  of  its  depth  being  in 
the  rock.  The  water  rises  within  7  feet  of  the  top,  a  good  many  feet  above  the  level 
of  Connecticut  River,  which  is  only  a  stone's  throw  away.  The  pump  raises  31 
gallons  a  minute,  which  lowers  the  well  8  feet,  but  no  farther.  The  water  is  moder- 
ately hard,  has  been  used  in  boilers,  and  keeps  a  uniform  temperature  of  51**  F.  the 
year  round. 

47.  Soil  and  sand,  20  feet;  blue  clay,  hard  and  dry,  30  feet;  clay  and  red  quick- 
sand, 10  feet;  fine  red  quicksand,  very  shifting  and  hard  packed,  with  a  thin  layer 
of  saturated  gravel  at  118  feet  from  the  sur^e,  60  feet;  quicksand,  30  feet;  gravel, 
8  inches ;  sandstone,  varying  in  hardness  at  different  depths,  74}  feet.  The  water  stood 
at  8  feet  below  the  surface  in  the  first  soil  and  sand  stratum  but  dropped  to  30  feet 
below  the  surface  after  the  30-foot  layer  of  clay  was  penetrated. 

64.  This  well  was  drilled  in  1863  by  Col.  Samuel  Colt  and  flowed  until  1898,  when 
a  well  was  drilled  1,000  feet  farther  north  and  the  Colt  well  stopped  flowing  the  next 
day. 

74.  This  well  was  drilled  by  C.  L.  Grant,  who  furnished  the  following  data:  Depth, 
250  feet;  diameter,  8  inches.  The  well  is  in  rock  and  flows.  Elisha  Gregory,  a  well 
driller  of  New  York  City,  states  in  his  "Torpedo  circular"  that  the  well  was  torpedoed 
by  him  at  a  later  date  and  that  as  a  result  the  yield  was  increased  from  15  to  35  gallons 
a  minute.  It  is  reported  that  the  quality  of  the  water  was  injured  by  the  process. 
Inquiry  at  the  office  of  the  company  shows  that  at  last  accounts  the  water  was  not 
used  for  anything,  so  heavily  is  it  charged  with  mineral  matter.  For  analysis  see 
table  on  page  177. 

79.  The  620-foot  well  of  this  company  gives  a  more  copious  supply  of  water  in  rainy 
than  in  dry  weather.  The  water  contains  too  much  calcium  sulphate  for  boilers  but 
is  used  for  condensers.  This  well  is  said  to  have  diminished  the  yields  of  four  wells, 
each  about  200  feet  in  depth,  sunk  for  the  same  company. 

80.  It  is  stated  that  400  gallons  a  minute  have  been  pumped  from  this  well  without 
making  any  apparent  impression  on  the  water  level.    The  well  is  462  feet  deep. 

81.  Depth,  420  feet.  The  water  flows  1  inch  over  the  top  of  the  pipe  when  allowed 
to  stand,  which  brings  the  water  level  above  a  large  part  of  the  neighboring  land. 
The  ordinary  yield  is  150  gallons  a  minute,  the  well  being  pumped  continuously. 

fSli.  Depth,  500  feet;  diameter,  8  inches.  The  water  rises  to  the  surface  of  the  engine- 
room  floor,  and  is  pumped  at  the  rate  of  75  gallons  a  minute.  The  well  is  drilled  in 
the  "Upper"  sandstones,  but  unquestionably  pierces  the  "Posterior"  trap  sheet, 
which  outcrops  at  no  great  distance  to  the  west. 

85.  The  water  in  this  457-foot  well  will  rise  15  feet  above  the  top  and  jdeld  205  gal- 
lons a  minute  at  the  surface.  Pumping  600  gallons  a  minute  for  ten  hours  lowered  the 
water  level  to  12  feet  below  the  surface,  where  it  remained  constant. 


a  Descriptions  of  wells  marked  "  f  "  are  taken  from  Water-Sapply  Paper  110. 
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tOl*  Depth,  300  feet;  diameter,  4  (?)  inches.  The  water  flows  over  the  top  of  the 
pipe  at  a  rate  of  probably  10  to  12  gallons  a  minute.  The  water  is  hard  and  is  used 
for  drinking  purposes  only.  The  well  lies  entirely  in  the  rock,  which,  in  the  stream 
near  by,  is  seen  to  be  rather  loose  in  texture  and  to  be  filled  with  fragments  of  the 
crystalline  rocks  of  the  neighboring  eastern  highland. 

tlOO.  There  are  on  the  premises  of  this  company  five  artesian  wells,  all  8  inches  in 
diameter,  from  260  to  300  feet  deep,  and  bored  into  red  sandstone,  which  at  this 
place  lies  from  6  to  10  feet  below  the  surface  of  the  ground.  The  yield  was  measured 
when  they  were  first  bored,  and  varied  in  the  different  wells  from  10  to  80  gallons  a 
minute.  The  supply  thus  measured  was  obtained  by  means  of  an  ordinary  suction 
pump,  which,  operated  at  the  rate  named,  lowered  the  water  about  25  feet  below  the 
surfoce — as  low  as  it  could  be  pumped  with  that  form  of  apparatus.  A  few  years  ago 
a  system  that  works  by  compressed  air  and  forces  the  water  from  depths  of  70  to  90 
feet  was  installed.  *This  apparatus  gave  a  very  greatly  increased  output,  which  now 
supplies  all  the  needs  of  the  company.  The  water  from  these  wells  is  all  discharged 
into  one  large  cistern,  from  which  it  is  circulated  through  the  factory.  It  is  not  easy 
to  determine  exactly  the  amount  of  water  used,  but  it  is  estimated  as  between  75,000 
and  100,000  gallons  a  day  of  ten  hours.  A  much  laiger  quantity  than  this  could  be 
obtained  if  needed.  The  water  is  satisfactory  for  manufacturing  purposes  except  for 
use  in  boilers. 

101.  A  well  560  feet  deep,  penetrating  9  feet  of  soil,  18  inches  of  gravel,  90  feet  of 
quicksand,  and  459^  feet  of  rock. 

108.  Drilled  through  24  feet  of  clay,  20  feet  of  sand,  8  feet  of  clay,  50  feet  of  sand- 
stone. 

118.  Depth,  500  feet.  At  a  depth  of  40  feet  in  sandy  shale  the  well  gave  a  small 
flow  and  drained  an  old  dug  well,  25  feet  deep,  in  similar  material.  The  well  passed 
through  about  300  feet  of  sandstone  above  bluish  sandy  shale  and  through  a  soft  car- 
bonaceous shale  at  about  400  feet.  The  well  then  passed  through  conglomerate  and 
ended  in  blue  clay  shale.  No  water  was  struck  below  40  feet  and  the  flow  ceased  after 
a  chaiTge  of  nitroglycerine  was  fired  in  the  well. 

fllB.  Depth,  152  feet;  depth  of  water  when  lowest,  130  feet,  but  if  the  well  is  a 
allowed  to  stand  the  water  flows  at  the  level  of  the  engine-room  floor,  which  is  10  feet 
below  grade.  The  ordinary  consumption  is  fully  10,000  gallons  a  day.  The  water 
can  be  used  for  all  purposes.  The  well  penetrated  140  feet  of  sandstone,  etc.,  without 
finding  enough  water  to  keep  the  drill  wet,  but  at  that  depth  the  drill  became  jammed 
in  what  appeared  to  be  a  crack  about  2  inches  wide,  and  an  ingress  of  water  followed 
the  loosening  of  the  drill.  The  apparent  breadth  of  the  crack  may  in  reality  be  due 
rather  to  the  presence  of  soft,  decomposed  rock  along  the  joint  plane  than  to  an  actual 
opening  of  the  size  indicated. 

119.  Drilled  by  the  company  in  1893,  but  no  water  was  obtained  except  from 
surface  seepage.    It  is  4,000  feet  deep. 

126.  Depth,  572  feet.  Penetrated  264  feet  of  quicksand  and  clay,  the  clay  occur- 
ring mainly  in  small  layers  but  with  one  25-foot  stratum  above  the  rock. 

168.  Passed  through  6  feet  of  loam,  76  feet  of  sand,  2  feet  of  gravel,  and  34  feet  of 
sandstone. 

tl65  and  166.  Town  water  supply  of  Sufl5eld,  owned  by  Paulus  Fuller.  No.  165 
is  230  feet  deep  and  has  a  diameter  of  6  inches;  No.  166  is  240  feet  deep  and  has  a 
diameter  of  8  inches.  The  two  wells  together  pump  at  the  rate  of  300  gallons  a  min- 
ute into  a  standpipe  containing  293,000  gallons.  The  water  rises  within  about  60 
feet  of  the  surface  and  is  rather  highly  mineralized.  It  can  be  used  in  boilers,  how- 
ever, but  gives  some  scale.    The  wells  enter  rock  about  10  feet  below  the  surface. 

188.  Depth,  131i  feet.  Passed  through  70  feet  of  soil,  consisting  of  light  sandy 
soil,  light  gravel,  coarse  gravel,  and  hardpan,  and  penetrated  611  feet  of  soft  red 
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BandBtone.    The  water  naturally  stands  at  26  feet  below  the  sur^e,  and  on  being 
pumped  out  to  a  depth  of  75  feet  gave  the  following  flows,  as  recorded  by  Mr.  BidwelL 


Depth 

Water 

Time 

Feet  per 

(feet). 

(feet). 

(hours). 

hour. 

75 

5 
3.6 

20 
14 

«4 

11.5 

11.5 

18.5 

2 

6.7 

,  H 

4.5 
2.5 

9 
2.5 

tl90.  Depth,  386  feet;  depth  of  water,  326  feet;  diameter,  6  inches.  The  pump 
3rields  30  gallons  a  minute,  which  lowers  the  water  5  feet.  The  well  passed  through 
sand,  17  feet;  clay,  56  feet;  hard  red  gravel,  50  feet;  the  remainder  in  sandstone  iivith 
the  exception  of  two  layers  of  '* slate."  Four  analyses  of  the  water  have  been  nuide, 
according  to  which  it  ranges  from  moderately  hard  to  excessively  hard.  It  would 
seem  that  the  water  is  free  from  oi^ganic  impurities,  but  shows  sulphate  of  lime  to 
the  extent  of  590  parts  to  the  million.  It  is  extremely  hard  to  the  soap  test.  When 
first  drawn  the  water  is  said  to  give  off  a  strong  odor  of  hydrogen  sulphide. 

tl91.  Depth,  113  feet;  diameter,  6  inches;  yield,  50  gallons  a  minute.  Drilled 
in  the  bottom  of  an  old  open  well  and  lies  in  the  rock.  The  water  is  good  only  for 
drinking  and  garden  use.  It  is  said  that  when  the  well  was  first  drilled  the  water 
had  a  very  strong  odor,  which  disappeared  after  the  well  had  been  used  awhile. 
Data  fiunished  by  King  &  Mather. 

Additional  records  of  wells  in  the  sandstone  area  of  Connecticut. 


[These  welb  were  drilled  by  C.  L.  Orant,  who  has  furnished  the  records.    They  presumably  derive  tbeir 
water  from  sandstone,  though  a  few  may  be  In  trap.] 


No/> 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
♦26 
27 
28 
29 
30 
31 
32 


Town. 


Berlin., 


do 

do 

do 

Bloomfleld.. 

do 

do 

do 

Parmlngton. 

do 

do 

do 

Hamden 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Hartford. ... 


.do. 
.do. 
.do. 
.do. 
-do. 
.do., 
.do., 
.do., 
.do.. 


LocaUty. 


Whitney  vllle... 

do 

...do 

.-..do 

....do 

Mount  Carmel. 

....do 

....do 


Owner. 


New  York,   New   Haven  and 

Hartford  R.  R. 

Berlin  Brick  Co 

do 

Yale  Brick  Co 

Mrs.  A.  8.  Sage 

M.J.Bradley 

Orover  Brown 

Mrs.  O.  A.  Cadwell 

Mrs.  E.  A.  Smith 

T.  H.  A  L.  C.  Root 

Lewis  A.  Storrs 

Frank  Hotchkiss 

John  H.  Burton 

W.  F.  Downer 

Edw.  Davis 

G«o.  W.Ives 

Mr.  Johnson 

A.  E.  Woodruff 

Chas.  Wheeler 

Svlvester  Peck 

Newton  Archer 

Wm.  Benham 

Hartford  Woven  Wire  Mattress 

Co. 

Retreat  for  Insane 

W.C.Wade 

Ropkins  ACo.  Brewery 


Long  Bros. 
H.  E. 


Patten 

Hartford  Light  and  Power  Co. 

.do 

.do 

-do 


a  For  additional  details,  see  page  129. 


Depth 

of 
well. 


Feet. 
300 

60 
70 
100 
86 
47 
31 
61 
290 
190 
208 
100 
50 
67 
56 
65 
58 
50 
50 
36 
38 


180 
125 
200 
200 
110 
200 
228 
201 
200 


Depth 

Yield 

to 
water. 

niintitc. 

Feet. 

CfQUOHM. 

22 

120 

11 

8 

19 

11 

18 

14 

12 

8 

17 

13 

61 

8 

50 

20 

55 

3 

41 

25 

29 

40 

10 

15 

27 

7 

9 

10 

13 

8 

25 

30 

12 

7 

17 

8 

21 

6 

18 

28 

3 

16 

10 

24 

20 

U 

60 

0 

60 

11 

29 

10 

150 

3 

120 

1 

150 
120 

0 

150 
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Additional  records  o/weUs  in  the  sandstone  area  of  Connecticut — Continued. 


Na 

Town. 

LocaUty. 

Owner. 

Depth 

of 
weU. 

Depth 

to 
water. 

Yield 
mhSte. 

33 

Hartford 

Herold  Capitol  Brewing  Co 

Allyn  House 

Feet. 
300 
318 
240 
150 
140 
170 
155 
57 
67 
110 
37 
62 
60 
37 
50 
63 
49 
110 
50 
50 
48 
35 
28 
50 
50 
37 
60 
50 
50 
50 
70 
66 
75 
53 
75 
40 
195 
200 
60 
250 
80 
237 
173 
50 
200 
254 
103 
300 
245 
75 
67 
24 
91 
159 
73 
83 
102 
28 
50 
48 
25 
212 
331 
61 
66 

Feet. 
Flows. 
25 
25 
15 
29 
82 
25 

9 
19 
23 

0 
22 
20 

0 
20 
27 
20 
75 
10 
11 
21 
17 
12 
16 
11 
13 
30 
12 
15 
10 
30 
18 
25 

5 

40 
18 
12 
38 

7 
13 
49 
18 

1 
Flows. 

3 

12 

112 
35 
18 
15 
28 

2i" 

14 
6 
2 
12 
22 

'"i26* 
36 
34 
24 

OnUont. 
250 

34 

do 

50 

35 

do 

Geo.  M.  Brown 

45 

30 

do 

Brady  Bros 

15 

37 

do 

D.  F.  Keenan 

10 

38 

do 



Keney  Park 

16 

39 

do 

Hotoph  die  Carlson 

12 

40 

do 

Frank  8.  Tarbox 

5 

41 

do 

do 

2 

42 

do 

E.  Q.McCune 

Geo.  F.Hubbard 

do 

12 

43 

do 

7 

44 

do 

14 

45 

do 

ThoB.  E.  Moore 

3 

46 

do 

W.S.Mather 

Wm.  O'Brien 

47 

do 

IX 

48 

do 

Addison  &  Impey 

8 

40 

do 

Johnson  &  Weeks 

11 

50 

do 

Wm.  Rogers      

5 

51 

do 

Peter  Peterson 

0 

52 

do 

A.  Hepburn 

g 

53 

do 

C.L.Bailey 

11 

54 

do 

H.  0.  Abbey 

7 

55 

do 

Andrew  Nason 

5 

66 

do 

B.  L.  Chwpell 

12 

57 

do 

Geo.  E.  Hiird 

8 

58 

do 

M.  H.  Erickson 

10 

59 
60 

do 

do 

Dr.  W.Crane ,. 

C.A.Green 

2 
0 

61 

do 

do 

E.  B.  Jerrum 

11 

62 

0.  Bengston 

8 

63 

do 

do 

F.  H.  Seymour 

8 

64 

Geo.  J.  Maher 

13 

65 

do , 

do ! 

Middletown 1 

A.  M.  Weber       

5 

66 

R.  Balinson 

9 

67 

A.B.Calef. 

68 

New  Britain 1  .  . 

W.  E.  Bradley 

60 

do 1 

Dennis  Sc  Co 

40 

70 

::  .do::::.::: ' : 

A .  B .  Johnson 

32 

71 

do 1 

do 

12 

72 

:.do:::::::  ...:  ' : 

J.  P.Curtis 

10 

73 

.....do 

Wm.  Derby 

e 

74 

do 

do 1 

A.  W.  Stanley 

5 

75 

Cobum  Land  and  Lumber  Co... 
Geo.  W.  Ives  &  Son 

47 

76 

New  Haven.           I 

77 

do 

do 

10 

78 

.do 

A.  B.  Hendryx 

65 

79 

....do • 

Lion  Brewery 

•    60 

80 

,do L 

National  Wire  Co 

58 

81 

....do 

.  ...do 

45 

82 

do ' 

H.  H.  Olds  &  Co 

83 

Newington 

Center  school  district 

20 

84 

do ' 

5 

85 

....do 

Mr*   fi    F   Rohhins 

12 

86 

do 

'  Newton  Osbom 

18 

87 

do 

J.  G.  Paradise 

12 

88 

North  Haven 

F.L.  Stiles 

35 

80 

do 

L  L.  Stiles  &  Son 

30 

90 

PlainvUle 

John  Coughlln 

91 

do 

do 

N.Terrell 

8 

92 

P.  Horan 

03 

Rocky  HUl 

J.K.Green 

4 

94 

Sinubory 

W.  L.  Cushlng 

17 

95 

do...' 

do 

Southington 

TariflviUe 

Connecticut  Tobacco  Corporation. 
Mre.  G.  C.  Wllloughby 

30 

96 

do 

4 

97 

D.  Green 

5 

98 

do 

iBtna  Nut  Co 

99 

Suffield 

E.  A.  Fuller 

40 
63 
45 
48 
60 
135 
100 
67 
90 
40 
110 
135 

6 
14 

6 
18 
13 

9 

6 
45 
118 
Flows. 
15 
20 

9 

6 

100 

do 

.  ..do 

Dr.  M.  T.  Newton 

10 

101 

A.  C.  Harmon 

3 

102 

do 

David  Guy 

3 

103 

...do 

Second  Baptist  Church... 

4 

104 

do 

WaUlngtord 

do 

do 

do 

West  Hartford 

West  Suffield 

YalesvlUe 

Frank  S.  Root 

12 

105 

G.I.Mlx&Co 

40 

106 

do 

do 

Qulnnipiao 

J.  H.  Yale 

107 

C.  W.  Michaels 

108 

C.  T.  Stevens 

4 

109 

Jas.  Thompson 

23 

110 

do..... 

do 

E.  C.  Wheaton 

35 

111 

Mrs,  Kate  Gallagher 

i            3 
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Additional  records  o/welU  in  the  sandttone  area  of  Connecticut — Continued. 


No. 

Town. 

Locality. 

Owner. 

Depth    Deptb 

of           to 
weU.     water. 

Ytekl 
minate. 

11? 

West  Hartford.... 

Oeo.  V.  Brlckley 

Feet. 
30 
52 
175 
100 

Feet.     GmOont. 

15               12 

113 

do 

do 

L.N.Burt 

13                 € 

*114 

P.  H.  Rellly 

15  '            *' 

115 

do 

do 

do 

Wetherefteld 

-^ 

D.  F.  Croxler 

13  '          .ri 

116 

Mis.  E.  W.  Talcott 

51  1         23 
1»5            39 
30              2 
70  ,          30 

101  1           12 

^ 

117 

Jas.  H.  Waldron 

6 

118 

J.  H.  Rabbett 

u 

119 

do ' 

Rev.  Lynch 

35 

120 

Windsor 1       

CD.  Reed 

!•> 

121 

do 

Poquonock 

ConnecUoat  Valley  Tobaooo  Co. . 

150 

100 

4 

NOTBS. 

26.  Depth,  200  feet;  diameter,  6  inches;  yield,  60  gallons  a  minute.  The  ordi- 
nary yield  of  the  well  is  25  gallons  a  minute  and  it  flows  if  left  standing.  The 
water  is  too  hard  for  boilers. 

114.  Sunk  in  the  "Posterior"  trap  sheet,  which  at  this  locality  is  comparatively 
thin.  The  thickness  of  the  trap  has  not  been  determined,  but  at  least  twothirds, 
and  possibly  three-fourths,  of  the  depth  of  the  well  must  be  in  the  ^^Poeterior" 
shales  which  underlie  the  sheet,  and  it  is  very  probable  that  the  water  does  not 
come  from  the  trap  at  all,  but  from  the  underlying  shale. 

WEIiliS  IN  TRAP. 

Owing  to  the  rugged  topography  of  the  main  trap  ridges  few 
houses  are  built  on  them  and  consequently  few  wells  have  been 
drilled  in  rock  of  this  character.  In  the  vicinity  of  Hartford  there 
are  several  wells  which  have  been  sunk  directly  into  trap  and  obtain 
yields  of  2  or  3  gallons  a  minute.  The  greater  number  of  successful 
wells  in  rock  of  this  type  pass  entirely  through  the  trap  and  obtain 
their  supplies  from  the  underlying  sandstone  or  shale. 

All  exposures  of  trap  show  an  extraordinary  development  of 
jointing,  and  in  cliffs,  as  at  East  Rock  and  West  Rock  in  New  Haven, 
the  vertical  joints  cut  the  formation  from  top  to  bottom  and  usually 
show  weathering,  indicating  the  past  action  of  water.  In  large  trap 
exposures  it  is  unusual  to  strike  streams  of  water,  which  are  so  char- 
acteristic of  the  quarries  in  crystalline  rocks,  although  it  is  said  that 
in  one  of  the  Hartford  quarries  two  days  after  a  heavy  rain  water 
will  begin  to  seep  out  of  the  joints  at  the  base. 

The  field  evidence  indicates  that  the  chances  are  small  for  obtain- 
ing water  by  drilling  on  the  higher  parts  of  the  trap  ridges,  as  the 
rock  is  so  completely  fractured  at  the  surface  as  to  allow  the  water 
to  pass  through  and  escape  at  lower  levels,  and. at  a  short  distance 
below  the  surface  the  joints  are  too  tight  to  admit  water  in  quantity. 
On  such  ridges,  however,  supplies  may  generally  be  obtained  by 
shallow  dug  wells  in  the  overlying  drift. 
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Some  interesting  wells  in  trap  have  been  described**  by  M.  L. 
Fuller  and  W.  H.  C.  Pynchon,  as  follows: 

W.  E.  Prau  [Rocky  HiZ/].— This  well  is  located  in  the  thin  "Posterior"  sheet  of  trap. 
It  was  drilled  in  the  bottom  of  an  old  open  well,  20  feet  deep,  which  entered  the  rock 
for  a  distance  of  6  feet.  From  this  point  the  well  was  drilled  30  feet  through  trap,  when 
it  broke  into  the  underlying  sedimentaries,  which  it  pierced  to  the  depth  of  1}  feet. 
This  well  therefore  gives  a  section  of  14  feet  of  soil,  36  feet  of  trap,  and  \\  feet  of  sedi- . 
mentary  rock — a  total  depth  of  51}  feet.  This  brings  the  bottom  of  the  well  about  50 
feet  above  the  surface  of  Connecticut  River,  which  flows  by  it  only  a  few  hundred  feet 
eastward.  The  diameter  of  the  well  is  6  inches  and  the  maximum  amount  of  water 
obtainable  is  a  little  less  than  1  gallon  a  minute.  The  well  pumps  dry  in  thirty 
minutes.    The  water  is  fair  for  drinking,  but  is  excessively  hard. 

J.  K.  Green  [Rocky  iJi/Z].— Depth  of  well,  26  feet;  depth  of  water,  25  feet;  diameter, 
6  inches;  yield  not  given.    The  well  is  in  trap  rock.    Data  by  Grant. 

Hotel  Ruumn  [New  Britain^ — ^The  depth  of  the  well  is  152  feet,  and  the  depth  of  the 
water  at  the  lowest  130  feet,  but  if  the  well  is  allowed  to  stand  the  water  flows  at  the 
level  of  the  engine-room  floor,  which  is  10  feet  below  grade.  The  ordinary  consump- 
tion is  fully  10,000  gallons  a  day.  The  water  is  very  pure  and  can  be  used  for  all 
purposes. 

[Wells  at  Cedar  Mountain.] — ^The  wells  ♦  *  ♦  at  Cedar  Mountain,  southwest  of 
Hartford,  *  *  *  are  on  the  property  of  Dr.  Gordon  W.  Russell,  who  sunk  the  wells 
largely  as  an  experiment  and  who  has  shown  much  interest  in  scientific  matters.  The 
mountain  is  a  part  of  the  ridge  of  the  "Main  "  trap  sheet,  and  has  a  maximum  elevation 
of  about  360  feet  above  the  sea.  I ts  western  face  is  very  steep,  dropping  250  feet  to  the 
plain  within  a  distance  of  two-fifths  of  a  mile,  and  is  actually  precipitous  near  the 
summit.  The  eastern  face  slopes  more  gradually,  dropping  about  120  feet  to  the  valley 
occupied  by  shales,  about  three-fifths  of  a  mile  distant.    It  is  in  all  a  typical  trap  ridge. 

Well  A  is  an  ordinary  open  well  and  was  dug  to  supply  the  needs  of  the  farmhouse. 
It  was  opened  9  or  10  feet  to  the  rock,  but  the  water  became  shallow  in  summer.  It  was 
then  sunk  1  or  2  feet  into  the  loose,  greatly  jointed  surface  trap  and  has  since  given  an 
abundance  of  water  for  domestic  uses.  The  supply,  however,  fluctuates  regularly  with 
the  wetness  or  dryness  of  the  season.  From  the  well  mouth  the  mountain  side  with  its 
drift  covering  rises  steadily  for  two-fifths  of  a  mile  to  the  west  till  it  reaches  the  crest, 
which  is  about  100  feet  above  the  well.  The  supply  is  clearly  the  surface  water  con- 
tained in  the  soil  and  in  the  heavily  jointed  upper  surface  of  the  trap,  the  source  also 
of  a  little  stream  which  lies  a  little  farther  up  the  ridge. 

Well  B  is  located  about  200  feet  south  of  well  A.  It  passes  through  9  feet  of  soil  and 
then  through  about  290  feet  of  trap  rock,  at  which  point  the  string  of  drilling  tools 
wedged  fast,  possibly  along  a  joint  plane.  The  well  is  6  inches  in  diameter.  On 
illimiinating  it  brightly  for  a  considerable  depth  by  light  reflected  from  a  mirror,  it 
appeared  that  no  water  came  into  it  except  from  the  shattered  upper  surface  of  the  trap 
sheet,  as  in  well  A .  The  drill  had  not  entered  the  imderlying  sediments  when  the  well 
was  visited  in  1902,  notwithstanding  the  fact  that  the  bottom  of  the  well  was  much 
below  the  level  of  the  western  plain. 

Well  C  is  located  about  three-fourths  of  a  mile  farther  south  and  a  little  farther  east 
than  the  other  two  wells.  It  has  a  depth  of  103  feet.  It  was  thought  from  the  residue 
brought  up  by  the  sand  bucket  that  the  well  entered  the  sedimentary  beds  below,  but 
in  view  of  the  record  of  well  B  and  the  thickness  of  the  **Main'*  sheet  this  is  extremely 
doubtful.  Water  was  struck  at  a  depth  of  38  feet  from  the  surface  in  a  joint,  the  yield 
being  32  gallons  an  hour.  At  the  present  depth  the  well  is  capable  of  giving  90  gallons 
an  hour,  the  water  probably  coming  through  joints  from  a  level  below  the  well  bottom 


o  Water-Supply  Paper  U.  S.  Gcol.  Survey  No.  110, 1905,  pp.  88, 89, 100, 101, 103. 
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and  rising  to  within  25  feet  of  the  surface.  During  the  drilling  light  was  reflected  dom 
the  bore  and  water  was  seen  coming  in  through  the  trap,  and  in  the  opinion  of  the 
driller,  Mr.  H.  B.  King,  of  Hartford,  from  the  downhill  side.  However  this  may  he, 
we  have  here  a  well  near  the  summit  of  the  mountain  whose  bottom  is  above  the  levd 
of  the  lowlands  on  either  side,  with  water  coming  in  throtigh  the  trap  and  rising  t/^  & 
point  about  175  feet  above  the  plain  three-fourths  of  a  mile  to  the  west  and  about  70  feei 
above  the  valley  one-fourth  of  a  mile  to  the  east.  The  top  of  the  well  is  abo^'t  280  feet 
above  sea  level. 

PRACTICAL  APPLICATIONS. 

YIELD  OF  WELLS. 

The  sedimentary  rocks  of  Connecticut  possess  large  storage  capacity 
between  strata,  in  joints,  along  faults,  and  within  the  rocks  them- 
selves, and  it  is  but  rarely  that  a  well  sunk  into  sandstone,  conglom- 
erate, or  shale  does  not  obtain  water  from  one  or  all  of  these  sources  in 
sufficient  amount  for  domestic  purposes.  No  enormous  supplier  run- 
ning into  thousands  of  gallons  a  minute,  such  as  are  obtained  else- 
where in  the  United  States,  are  found,  and  in  some  parts  of  the  StaU 
difficulty  has  been  experienced  in  obtaining  sufficient  supplies  for  large 
manufacturing  plants.  Wells  in  sandstone  offer  the  best  chances  for 
large  supplies,  shale  coming  second,  and  conglomerate  third.  A  few 
wells  in  conglomerate  at  New  Haven  encountered  dry  rock  from  top 
to  bottom  of  the  drill  hole.  One  well  on  George  street,  500  feet  deep, 
obtained  no  water  after  passing  through  the  cover  of  glacial  drift,  and 
another  well  remained  dry  to  a  depth  of  4,000  feet.  Such  wells  should 
not  be  abandoned  ^'without  a  thorough  test  of  every  water  horizon, 
however  small.  The  casing,  if  possible,  should  be  raised  above  the 
level  of  the  water-bearing  bed,  a  pump  inserted,  and  the  gupply  meas- 
ured. When  it  is  impossible  to  remove  the  casing,  it  can  be  destroyed 
at  the  water  horizon  by  a  shot  of  nitroglycerine,  wliich  will  also  at  the 
same  time  tend  to  loosen  up  the  siu'roimding  rock  and  increase  the 
flow.  Supplies  have  frequently  been  developed  at  horizons  -which 
were  not  at  first  thought  worthy  of  testing  and  wliich  were  originally 
drilled  through  without  stopping  and  cased  off.*^"  Of  the  194  well> 
recorded  on  pages  116-123,  only  11,  or  5.6  per  cent,  failed  to  obtain 
2  gallons  a  minute,  the  minimum  amount  desired  for  domestic  pur- 
poses. DrUlers  are  naturally  averse  to  reporting  well  failures,  yet 
considering  the  number  of  successful  wells  of  which  no  records  are 
available  the  above  percentage  is  probably  close  to  the  facts. 

The  average  yield  of  112  wells  in  sandstone  reported  in  the  tables 
is  27i  gallons  a  minute,  the  largest  being  350  gallons  and  the  smallest 
two-thirds  of  a  gallon.  The  107  wells  included  in  the  supplementary 
list  furnished  by  C.  L.  Grant  (pp.  126-128)  have  an  average  yield  of 
26  gallons.  As  a  rule,  the  well  that  encounters  the  largest  number  of 
joints  and  bedding  planes  has  the  largest  supply  of  water,  and  there 

a  Water-Supply  Paper  U.  S.  G©ol.  Survey  No.  110,  1905. 
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is,  therefore,  an  increased  yield  with  increased  depth.  This  state- 
ment, however,  is  true  only  for  wells  less  than  about  300  feet  in  depth 
(see  below),  and  many  exceptions  are  to  be  noted.  A  well  which 
strikes  a  favorable  bedding  plane  between  sandstone  and  shale,  or 
drains  water  from  a  contact  of  trap  and  sandstone,  or  strikes  a  fault 
zone  may  yield  large  amounts  at  slight  depths.  In  fact,  the  water 
moves  so  freely  through  the  rock  that  wells  sunk  to  lower  levels  or 
located  more  advantageously  may  drain  a  neighboring  well,  thus 
making  it  useless.     (See  pp.  108-109.) 

The  abundant  and  uniformly  distributed  rainfall  of  Connecticiit 
(see  p.  24)  and  the  freedom  of  circulation  of  ground  water  in  the 
Tri€issic  sediments  account  for  the  slight  variation  in  yield  throughout 
the  year.  Few  drilled  wells  in  rock  show  seasonal  variations.  A 
few  record  a  decrease  in  summer;  in  several  others  the  supply  has 
increased  since  the  wells  were  dug.  Mr.  Grant  is  of  the  opinion  that 
"in  general,  the  wells  in  the  Triassic  area  have  increased  their  flow 
with  age. "  This  seems  to  be  due  to  the  enlargement  of  seams  and 
joints  caused  by  the  washing  out  of  the  decomposed  rock  C'clay"). 
"Water  from  black  shale,''  says  Mr.  Grant,  ** clears  up  in  about  two 
hours,  but  that  from  red  shale  remains  cloudy  for  a  week  or  two." 
In  many  wells  the  water  has  become  clearer  as  the  years  have  passed. 
The  height  at  which  water  stands  in  the  well  is  also  remarkably 
uniform. 

DEPTH  OF  WELLS. 

Two  geologic  myths  seem  to  have  attained  the  dignity  of  facts  in  the 
popular  mind;  one  is  that  ore  veins  increase  in  richness  with  increas- 
ing depth,  the  other  that  water  is  more  abundant  and  of  better 
quality  in  proportion  as  it  comes  from  greater  depth.  So  far  as 
Connecticut's  water  supply  is  concerned,  the  facts  are  not  in  accord 
with  popular  opinion.  Though  water  is  drawn  from  sandstones  at 
all  depths  between  the  surface  and  800  feet,  yet  the  greatest  number 
of  failures  are  in  wells  exceeding  400  feet  in  depth.  The  reason  for 
decreased  supply  at  greater  depth  is  the  decrease  in  the  number  of 
joints  and  the  tightening  of  both  joints  and  bedding  planes.  The 
average  depth  of  287  wells,  including  the  three  deepest,  one  of  them 
4,000  feet,  is  144  feet.  At  $2.26  a  foot,  which  is  the  average  cost  of 
67  wells,  the  cost  of  the  average  well  is  $335.44.  The  depth  to  the 
principal  water  horizon  is  even  less  than  the  depth  of  the  wells.  In 
63  wells  with  an  average  depth  of  127  feet  the  principal  source  of 
water  was  97  feet  below  the  surface.  The  depth  to  the  surface  of  the 
water  in  144  wells  in  sandstone  averages  23  feet.  Of  the  314  wells 
recorded  in  sandstone,  shale,  and  conglomerate,  75  per  cent  are  less 
than  200  feet  deep,  90  per  cent  less  than  300  feet,  and  only  5.6  per 
cent  more  than  400  feet;  47  per  cent,  including  some  of  the  best 
wells  in  the  Connecticut  Valley,  are  less  than  100  feet  deep. 
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In  view  of  these  facts  and  in  consideration  of  the  increased  diffi- 
culty  and  cost  of  deep-well  construction,  it  is  good  practice  to  abandon 
a  well  that  has  not  obtained  satisfactory  supplies  at  250  to  300  feet. 
Two  or  three  wells  200  feet  deep  could  be  drilled  at  the  cost  of  one 
600-foot  well,  and  the  prospect  of  obtaining  water  would  be  greatly 
increased.  In  case  a  well  is  abandoned,  the  new  location  should  be 
as  far  as  possible  from  the  old.  In  fractured  rock  favorable  condi- 
tions may  be  found  a  few  hundred  feet  distant.  Wells  in  shale  may 
be  sunk  to  greater  depth  before  abandoning  the  site,  as  is  indicated 
by  the  fact  that  of  sixteen  deep  wells  in  shale  two  are  between  100  and 
200  feet  deep,  five  between  200  and  300  feet,  four  between  300  and 
400  feet,  two  between  400  and  500  feet,  and  three  more  than  500 
feet.« 

QUALITY  OF  WATER. 

The  table  of  analyses  shows  that  the  composition  of  water  in  Tri- 
assic  strata  varies  greatly,  for  wells  only  a  few  hundred  feet  apart 
may  show  marked  differences  in  mineralization.  One  reason  for 
this  can  be  traced  primarily  to  the  inclination  of  the  strata.  As  the 
rocks  dip  eastward  at  an  angle  of  15°  or  more,  the  area  tributary 
to  each  well  is  rather  small;  a  500-foot  well,  for  instance,  would  have 
a  supply  basin  of  considerably  less  than  one-sixth  of  a  square  niile« 
Therefore  different  wells  are  suppUed  from  different  sets  of  beds, 
which  differ  from  each  other  in  their  composition  and  consequently 
in  their  effect  on  the  water  passing  through  them.  In  general,  the 
waters  of  the  Triassic  are  so  highly  mineralized  as  to  be  undesirable 
for  boilers  without  purification,  thus  strongly  contrasting  with  those 
obtained  from  wells  in  crystalline  rock.  (See  p.  168.)  They  are  not 
too  hard  for  cooling,  washing,  and  certain  other  manufacturing  pur- 
poses, nor  for  domestic  use.  Many  wells  show  500  to  2,500  parts 
per  million  of  dissolved  solids,  including  not  only  incrusting  carbon- 
ates, but  also  the  more  undesirable  sulphates.  The  water  percolating 
through  sandstone  and  shale  is  usually  harder  than  that  in  joints 
and  in  bedding  planes,  and  water  of  different  quality  may  come  from 
each  stratum. 

TEMPERATURE. 

The  temperature  of  well  waters  is  determined  by  the  depth  from 
which  they  are  drawn.  At  deptlis  less  than  50  feet  the  temperature 
of  the  water  will  roughly  vary  with  the  temperature  of  the  air,  which 
for  Connecticut  is  45°  for  the  spring  season,  67°  in  the  sumn4er,  51® 
in  the  fall,  and  36°  in  the  winter.'^  Below  about  50  feet  the  temper- 
ature increases  at  the  rate  of  1°  for  each  60  feet. 

a  Water-supply  Paper  U.  S.  Geol.  Survey  No.  110,  1905,  p.  99. 

h  These  figures  are  based  on  the  mean  seasonal  temperatures  of  Storrs,  New  Haven,  and  Cream  Hill, 
oombined,  for  the  years  1893-1903, 1873-1903,  and  1897-1907,  respectively,  as  given  on  pages  24, 26. 
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HEIGHT  OP  WATER  IN  WELLS. 

Water  in  wells  tends  to  reach  a  certain  level,  which  remains  con- 
stant with  the  exception  of  slight  seasonal  variations  and  changes 
produced  by  pumping.  The  height  at  which  this  water  level  stands 
depends  on  the  character  and  permanency  of  the  supply.  In  some 
wells  the  water  stands  at  the  rock  surface,  in  others  above  or  below 
that  surface,  and  in  a  few  it  is  under  hydrostatic  pressure  and  reaches 
the  earth's  surface  as  a  flow.  The  topographic  location  is  another 
factor  in  determining  water  level  in  wells,  for,  as  shown  in  the  table 
below,  the  water  in  valleys  tends  to  rise  above  the  rock  floor,  whereas 
about  half  of  the  wells  on  hiUs  and  slopes  maintain  a  level  within  the 
rock.  Considered  as  a  whole,  the  water  level  in  the  Triassic  sandstone 
stands  23  feet  below  the  surface  of  the  ground. 

Height  of  water  in  wells. 


Ix)caiion. 

Number  of 

wells 
averaged. 

Percentage  with  water  level- 

Below 

rock 

surtaoe. 

46.4 

28.8 
48.3 

Above 

rock 

auTtoce, 

fiO 

67.8 

44.8 

Even  with 
rock 

Hills.   

28 
59 
29 

3.6 

Valleys 

3.4 

SloDes 

6.9 

FLOWING  WELLS. 

As  stated  on  page  49,  the  primary  conditions  for  flowing  wells  are  (a) 
strata  capable  of  holding  large  amoimts  of  water,  overlain  by  strata 
which  are  relatively  impermeable;  (6)  outcrops  of  the  strata  where 
they  may  receive  the  surface  water,  and  (c)  a  suitable  dip  to  the  rock. 
All  these  conditions  are  present  in  the  Triassic  areas  of  Connecticut. 
Sandstone  and  shale  are  interstratified,  forming  the  couple  which 
produces  artesian  wells  in  the  Dakotas,  New  Jersey,  Texas,  and  else- 
where. Lava  flows  alternate  with  the  sandstones  and  shales,  a  con- 
dition which  makes  an  artesian  basin  in  parts  of  Idaho.*  The  edges 
of  the  water-bearing  strata  are  well  exposed,  the  rainfall  is  ample,  and 
there  is  a  dip  to  the  strata  of  15°  or  more  to  the  southeast.  Under 
normal  conditions  the  Connecticut  lowland  would  therefore  form  an 
unusually  good  artesian  basin,  and  wells  sunk  anywhere  along  the 
western  border  of  the  Triassic  area  would  procure  large  suppUes,  as 
shown  in  figure  19.  This  opportunity  of  obtaining  artesian  wells  is 
almost  entirely  destroyed  by  two  circumstances.  First,  the  region  is 
crossed  by  a  series  of  faults  and  the  strata  are  broken  into  huge  blocks 
uplifted  on  the  west  side.  The  continuity  of  the  water-bearing  beds 
is  therefore  destroyed.     But,  even  under  these  conditions,  artesian 

a  RuaieU,  I.  C,  BulL  U.  8.  Geol.  Survey  No.  199, 1908,  pp.  178-180. 
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basins  of  moderate  extent  (%.  20)  would  be  present  were  it  not  for 
the  fact  that  the  strata  between  the  fault  lines  are  cut  by  joints  which. 
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run  in  all  directions  and  are  but  short  distances  apart,  several  being 
present  in  each  100  feet  (fig.  21).     The  continuity  of  the  beds  is  thus 
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further  disturbed  and  the  existence  of  unbroken  beds,  either  as  water 
bearers  or  water  retainers  is  made  impossible.  All  the  strata,  includ- 
ing the  lavas,  have  taken  part  in 

this  faulting  and  jointing,  with  the  ►. 

result    that  instead   of   numerous  1 

flow^ing  wells  throughout  the  region,  | 

there  are  a  few  the  waters  of  which  | 

rise     sUghtly    above    the    surface.  •§ 

Some  of  the  flowing  wells  derive  | 

their    water    from    local    bedding  2 

planes  in  rock;  the  others  from  the  3 

contact  of  rock  with  the  cover  of  | 

glacial  till.  * 

LOCATION  OF  WELLS,  | 

S 

Two  considerations  will  usually  v 

control  the  location  of  wells — the  J* 

amount  and  the  quaUty  of  the  water  ^ 

desired.     To   insure  good  quaUty  |* 

requires   a  location   selected   with  I 

reference  to  freedom  from  contami-  |  . 

nation  by  drainage  from  barns,  cess-  ^  | 

pools,  houses,  factories,  etc.     High  3 1 

ground  with  a  surface  cover  of  gla-  I  I 

cial  material  is  a  better  location  than  i  | 

bare  rock.     A  well  in  low  ground  1 5 

will  usually  yield  more  water  at  less  g 

expense,  but  the  danger  of  contami-  | 

nation  is  greater.     When  it  is  pro-  8 

posed  to  construct  a  well,  the  con-  § 

dition    of   existing   wells    in    that  | 

vicinity  or  in  the  same  rock  type  © 

should  be  studied  with  care.     The  3 

direction,  opening,  continuity,  and  9 

number  of  joints  in  the  rock  should  -a 

be  observed ;  also  the  dip  or  inch-  | 

nation  of  the  strata  and  the  pres-  a 

ence  of  beds  of  shale  or  trap.  | 

It  is  to  be  remembered  that  water  g 

in  bedding  planes  passes  up  as  well  1 

as  down  an  inchned  surface.     The  I 

usual  experience,  as  stated  by  C.  L.  2 

Wright,  of  AugerviUe,  is  to  find  S 

water  at    less  depths   on   eastern  ^ 
slopes  of  hills  than  on  western  slopes,  because  of  the  eastward  dip  of 
the  strata.     There  are  numerous  examples  of  both  wells  and  springs. 
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however,  which  indicate  that  water  flows  up  the  slope  after  being  fed 
into  the  bedding  planes  by  joints.  A  well  at  Thompsonville,  illus- 
trating movement  of  this  type,  is  described  on  page  124.  The  water 
in  this  well  is  25  feet  higher  than  the  water  in  Connecticut  River, 
near  by,  which  might  otherwise  be  its  source;  the  water-bearing  bed 
does  not  outcrop  farther  east;  and  there  seems  to  be  no  source  of  sup- 
ply other  than  joints  or  faults.  A  well  at  the  *'old  Talcott  tower," 
near  the  edge  of  a  700-foot  cUff,  is  beUeved  to  derive  its  meager  supply 
from  water  moving  up  the  15°  slope  from  the  east.  The  hundreds  of 
springs  located  along  the  western  faces  of  low  sandstone  ridges  that 
derive  their  water  from  a  combination  of  joints  and  upward-sloping 
bedding  planes  may  be  illustrated  by  a  spring  on  the  estate  of  A.  I. 
Ward,  at  Mount  Carmel.     (See  fig.  22.) 


Figure  22.— Spring  deriving  its  supply  from  Joints  and  upward-sloping  bedding  planes. 

STATISTICAL  TABLES. 

Yields  of  water  at  various  depths  in  the  rock  below  the  covering  of  surface  material. 


'Vol.' 


•  average  yield  in  gallons  per  minute;  **  No."  •»  number  of  records  from  which  the  average  is  taken.] 


Depth  in  feet. 

Vol. 

No. 

Depth  in  fwt. 

Vol. 

No. 

0-30 

4.7 
14.8 
11.1 
17.7 
20.3 

3 

40 
44 
21 
29 

110-200 

27.6 
56.4 
40.7 
185.0 
40.0 

53 

30-50 

200-300 

41 

fiO-70 

300-400 

7 

70-90                      

400-500    .              .              .... 

g 

90-110 

500-650 

5 

The  foregoing  table  requires  a  little  explanation,  especially  in 
regard  to  wells  more  than  400  feet  in  depth,  where  the  recorded  j-ield 
of  185  gallons  a  minute  does  not  represent  a  true  average.  This  esti- 
mate is  the  average  of  the  yield  of  five  wells  in  Hartford  and  one  in 
South  Manchester,  in  both  of  which  places  imusual  conditions  prevail. 
Moreover,  the  principal  source  of  water  of  these  wells  is  at  a  less 
depth  than  400  feet,  so  that  the  same  yields  would  have  been  obtained 
if  drilling  had  stopped  at  300  to  400  feet.  Considered  in  this  light, 
the  data  from  wells  400  to  500  feet  in  depth  indicate  the  presence  of 
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water  in  bedding  planes  down  to  400  feet  and  should  go  to  swell  the 
average  yield  of  wells  200  to  300  feet  and  300  to  400  feet  deep. 
The  figures  for  wells  more  than  500  feet  in  depth  likewise  convey 
a  wrong  impression  of  the  relation  of  yield  to  depth.  The  five  wells 
included  in  the  table  report  yields  of  1,  2,  7,  75,  and  125  gallons  a 
minute.  In  all  these  wells  the  principal  source  of  water  is  less  than 
300  feet  and  in  one  well  less  than  50  feet  below  the  surface.  When 
these  facts  are  taken  into  accoimt  the  yield  of  wells  more  than  500 
feet  in  depth  drops  to  an  average  of  less  than  10  gallons  a  minute. 

Average  yields  of  wells  in  varUms  locations. 


Location. 


^/ISrSg^^r"^  Number  of 


Valleys 
UilJs... 
Slopes. . 
Plains.. 


64.3 
44.4 

17.7 
42.7 


6 
34 
14 
46 


Relation  of  level  at  which  water  stands  in  wells  in  various  locations  to  surface  of  rock  which 
marks  bottom  of  overlying  drift,  o 


Location. 

Number. 

Peroentagoof 

wells  with 

water  level 

below  rock 

surfkie. 

Peroentago  of 

wells  with 

water  level 

above  rocic 

surface. 

Percentage  of 
wells  with 
water  level 
even  with 

rock  surface. 

Hnis 

28 
8 
29 
61 

■      46.4 
12.5 
48.3 
31.3 

6ao 

87.6 
44.8 
64.7 

3.6 

Valleys 

0.0 

Slopes 

6.0 

PliGnf 

4.0 

aA  summary  of  the  results  for  all  wells  may  be  found  on  p.  133. 
Average  depth  from  surface  to  water  level  in  the  well. 


Location. 

Depth  to 
water. 

Number  of 
records. 

Hills 

Feet. 
3L9 
16.9 
21.2 
19.9 

37 

Valleys 

10 

Slopes 

26 

Pladns 

63 

Average  depths  y  infeet,  of  surface  material  ^  of  rock  ^  and  of  the  entire  well  for  the  records  at 
handy  exclusive  of  wells  more  than  400  feet  in  depth  and  of  wells  known  to  be  dry. 


Location. 


Valleys.. 
Hllis.... 
Slopes... 
Plabs... 


Average 

depth  of 

surface 

material. 


82.5 
39.4 
20.4 
39.3 


Average 

depth  In 

rock. 


Average 
total 
depth. 


199.5 
73.9 
95.1 
93.8 


282.0 
113.3 
115.5 
133.1 


Number  of 
records. 


6 
30 
22 
60 


NoTK.— Average  total  depth  of  all  these  wells  is  161  feet. 
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CHAPTER  VI. 

WATER  IN  THE  GLACIAL  DRIFT. 

INTRODUCTION. 

Exposed  rock  surfaces  in  Connecticut  are  confined  largely  to  hill 
summits,  cliffs,  river  valleys,  and  the  shore  line,  and  their  combined 
area  probably  amounts  to  less  than  one-tenth  of  1  per  cent  of  the 
4,965  square  miles  constituting  the  area  of  the  State.  Where  rock 
outcrops  are  absent,  glacial  drift  forms  the  surface  covering.  The 
three  classes  of  glacial  material  in  which  ground  water  occurs  are 
till,  stratified  drift,  and  clay. 

CHARACTER  AND  WATER  CAPACrTY  OF  DRIFT. 

TILL. 

Till  varies  in  texture  from  loosely  compacted  bowlders  a  few 
inches  to  several  feet  in  diameter  to  a  firm,  dense,  securely  cemented 
mass  of  small  rock  fragments  and  clay,  popularly  called  **hardpan.'' 
The  composition  of  an  average  deposit  of  till  is  shown  by  the  follow- 
ing mechanical  analysis  of  the  so-called  Triassic  stony  loam  from 
Bloomfield : 

Mechanical  analysis  of  stony  loam  from  Bloomfield.^ 


Diameter  of 
grains. 

Peroeot 

Qrovel 

MiUimeten. 
2       -1 
1       -  .5 
.5    -  .25 
.26-  .15 
.1    -  .05 
.05-  .01 
.01  -  .005 
.005-. 0001 

2 

OOftTM   sand ^  .    r  .   r   .  r  .   ^  .  ^  .  r  ...   . 

3.35 

MfyliQTn  sand 

8.60 

Fine  sand 

31.25 

Very  fine  sand 

34.22 

Silt 

4.35 

Fine  silt 

6.20 

Clay 

6.57 

Loss  at  110®  C 

1.36 

Loss  on  lEnltlon                 

2.03 

a  Field  Operations,  Dlv.  Soils,  U.  S.  Dept.  Agr.,  for  1899,  p.  131. 

The  soil  represented  by  the  foregoing  analysis  is  the  fine  earth  after 
coarse  gravel  and  bowlders,  varying  in  size  from  an  inch  to  7  or  8  feet 

138 
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in  diameter,  have  been  removed.  The  amoimt  of  gravel  and  unde- 
composed  rock  invariably  exceeds  5  per  cent,  and  may  exceed  50 
j>er  cent. 

The  heterogeneous  character  of  till  makes  it  impossible  to  estimate 
its  -water-bearing  capacity  for  any  large  area.  The  amoimt  of  clay 
present,  the  size,  shape,  and  composition  of  the  constituent  bowlders, 
and  the  degree  of  compactness  vary  within  wide  limits,  and  therefore 
determinations  of  absorptive  ratios  apply  only  to  the  sample  tested. 
Determinations  of  water  capacity  are  made  still  more  uncertain  by 
the  presence  of  irregular  deposits  of  sand  and  gravel  included  within 
the  till.  The  loosely  compacted  till  has  practically  the  capacity  of 
conglomerate;  the  ''hardpan"  variety  is  almost  as  impervious  as  shale. 

A  mass  of  till  collected  near  Yale  Field,  New  Haven,  was  found 
after  five  days  of  continuous  drying  to  weigh  22  pounds.  After  soak- 
ing in  water  for  one  day  and  being  allowed  to  drain  the  added  water 
had  increased  its  weight  to  24.87  pounds,  again  of  2.87 pounds,  which 
showed  an  absorption  percentage  of  11.55,  or  3.46  quarts  to  a  cubic 
foot  of  till.  This  is  probably  not  far  from  the  average  capacity  of 
till  in  Connecticut. 

STRATIFIED  DRIFT. 

Stratified  drift  consists  of  sands  and  gravels  with  local  clay  bands 
and  is  composed  of  roimded  waterwom  fragments  of  the  more 
resistant  rocks,  like  granite,  trap,  and  quartzite,  together  with  an 
abundance  of  grains  of  quartz,  mica,  garnet,  magnetite,  etc.  It 
owes  its  origin  to  streams,  and  especially  to  the  water  produced  by 
the  final  melting  of  the  continental  ice  sheet.  As  contrasted  with 
till,  stratified  drift  occurs  in  layers  of  various  degrees  of  coarseness, 
depending  on  the  velocity  of  the  stream  which  deposited  the  debris. 

It  must  not  be  supposed  that  the  stratified  drift  presents  uniform 
conditions  over  large  areas,  for  there  are  several  types  of  the  drift, 
each  varying  in  texture,  structure,  and  topographic  appearance,  in 
accordance  with  their  method  of  formation.  Flood-plain  deposits 
and  terraces  contain  numerous  fine  clayey  layers.  Delta  deposits 
made  in  bodies  of  standing  water  exhibit  strata  of  sand,  gravel,  and 
silt  inclined  at  various  angles,  and  the  different  sets  of  beds  contain 
water  in  different  amounts.®  The  grains  composing  sand  and  gravel 
come  into  contact  with  one  another,  but  are  so  placed  that  there  is 
much  imoccupied  space  between  them.  Sand  is  practically  sand- 
stone with  cementing  material  removed  and  the  water  capacity 
proportionately  enlarged.  As  a  reservoir  of  ground  water,  stratified 
drift  is  therefore  very  important.  Such  material  has  been  foimd  to 
contain  an  amount  of  water  equal  to  over  30  per  cent  of  its  volume. 

a  Crotby,  W.  O.,  Water-Supply  Paper  U.  S.  Oeol.  Survey  No.  146,  1905,  pp.  177-178. 
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The  proportions  of  different  sizes  of  grains  in  the  average  sand  of 
the  New  Haven  plain,  are  shown  by  samples  from  four  localities 
analyzed  by  Freeman  Ward,  as  follows: 

8iu  of  grains  in  aandfrom  New  Haven  plain. 


Size  of  grains. 

L 

2. 

3. 

4. 

f  noh  t^  J  \nrth 

0.9 

.7 

1.1 

07.3 

2.3 
2.7 
10.0 
85.0 

0.6 

l.« 

5.5 

02.3 

0.8 

Inch  to  }  inch 

1.6 

inchto^Mch 

6.3 

/pKi  tbft>^  1^  Inch . . . 

91  3 

100.0 

100.0 

100.0 

100.0 

Rain  water  is  freely  imbibed  by  stratified  drift,  and  accordingly  the 
surface  dries  very  shortly  after  showers,  and  this  material  furnishes 
Uttle  water  to  streams.  The  water,  however,  stands  close  to  the 
surface  and  the  sands  of  plains  and  kames  are  thoroughly  saturated. 
On  the  North  Haven  sand  plain  there  is  'Aplenty  of  moisture  a  few 
inches  below  the  surface,  even  in  a  protracted  drought.* 

CLAY. 

The  clays  of  Connecticut  are  largely  the  result  of  the  deposition  of 
fine  material  in  lakes  of  glacial  origin.  They  are  accordiuigly  strati- 
fied and  usually  contain  layers  of  *' strong  clay"  interbedded  with 
sandy  clay,  quicksand,  and  sand  of  coarser  textures.  Clay  consists 
of  minute  particles  of  kaolin,  quartz,  feldspar,  mica,  iron  ores,  etc., 
and  when  compacted  imder  pressure  these  fragments  are  so  nearly  in 
contact  as  to  give  little  pore  space.  However,  the  very  small  openings 
between  the  grains  permit  the  access  of  much  water,  for  each  space 
acts  as  a  capillary  tube  and  the  clay  is  expanded.  The  fine-grained 
clays,  therefore,  absorb  and  retain  large  amounts  of  water.  That 
abimdant  water  is  present  is  indicated  by  the  mud  cracks  in  exposed 
clay  surfaces  and  by  the  shrinkage  which  takes  place  on  drying — 
an  amount  often  over  10  per  cent.  The  total  amoimt  of  water  in  the 
brick  clays  of  Coxmecticut  is  usually  between  30  and  40  per  cent. 
Most  of  the  commercial  clays  of  the  State  '  ^contain  enough  water  to 
make  them  highly  plastic,  so  that  they  can  be  tempered  without  addi- 
tion of  more  water."  *• 

THE  DRIFT  AS  A  WATER  RESERVOIR. 

The  mantle  of  glacial  drift  spread  over  Connecticut  ia  perhaps  the 
most  important  single  factor  in  the  ground-water  supply  of  the  State, 
because  it  contains  abundant  water  in  itself  and  controls  the  supply 

o  Brltton,  Bull.  Toirey  Bot.  Club,  vol.  30, 1903,  pp.  671-620. 

b  LoughUn,  O.  F.,  The  clays  and  clay  Industries  of  Connecticut:  Bull.  Connecticut  Qeol.  and  Nat.  Hist 
Survey,  No.  4, 1905,  p.  63, 
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of  water  to  the  underlying  rocks.  The  bed  rock  exposed  on  the  sum- 
mits and  sides  of  hills  is  not  in  a  position  to  absorb  water.  It  is 
apparent  that  the  greater  part  of  any  rainfall  on  such  surfaces  would 
nm  off  immediately;  in  fact,  a  locality  where  even  2  per  cent  of  the 
precipitation  was  absorbed  by  the  rock  would  be  exceptional.  Even 
where  there  are  wide-open  cracks  on  the  rock  surface,  the  greater 
part  of  the  water  would  run  off  before  it  could  be  absorbed  by  the 
few  joints,  which,  not  far  below  the  surface,  are  so  tight  as  to  allow 
very  slow  passage  to  the  water. 

On  the  other  hand,  where  the  rock  is  covered  by  glacial  material 
the  water  does  not  nm  off  rapidly  but  is  absorbed  by  layers  of  porous 
sandy  soil,  from  which  in  tiurn  a  considerable  portion  of  the  precipita- 
tion passes  down  into  the  rock  fractures.  Numerous  shallow-dug 
wells  indicate  that  the  lower  portion  of  the  drift  is  in  a  saturated  con- 
dition, being  always  ready  to  supply  water  to  joints  or  faults  or  bed- 
ding planes  below.  The  saturated  belt  in  the  surface  material  forms 
a  constant  reservoir,  kept  fille<l  by  imif orm  precipitation,  from  which 
water  is  delivered  to  the 
rocks  to  compensate  for  the 
amount  removed  by  springs 
and  wells.  The  sandy  and 
gravelly  portions  of  the  drift 
are  the  most  important  res- 
ervoirs for  supplying  water 
to  rock  seams,  for  they  carry 

a  large  quantity  of  water  and  Fiouke  23.— section  of  hlUtop  showing  sulUble  catchment 
allow     ready     passage;     the         *°^  reservoir  conditions  for  a  water  supply  to  the  rock 

clayey  till,  which  may  hold 

nearly  as  much  water,  allows  very  slow  passage.  The  character  of  the 
overlying  drift  is,  therefore,  by  its  difference  in  permeabUity,  largely 
determinative  of  the  amoxmt  of  water  supplied  to  the  underlying  rock. 

The  condition  of  the  rock  surface  is  another  factor  in  the  absorption 
of  the  water.  At  many  localities  the  rock  is  marked  by  minor  irregu- 
larities, due  to  a  scooping  out  of  the  rock  by  glacial  erosion  (see  fig. 
23),  or  to  a  dam  of  impervious  glacial  material.  These  small  de- 
pressions in  the  rock  serve  as  guiding  chaxmels  to  the  circulation  of 
ground  water  in  the  drift,  and  joints  opening  into  these  depressions 
have  better  opportunity  for  the  collection  of  water  than  those  inter- 
secting the  rock  surface  at  intermediate  and  higher  points.  Many 
depressed  fcxeas  which  have  no  outlet  occur  in  the  rock.  In  such 
basins  the  water  collects  and  has  no  escape  by  seepage  into  rock 
joints,  and  evaporation  is  relatively  unimportant  where  the  drift  has 
an  appreciable  thickness. 

Vertical  joints  are  evidently  more  important  than  horizontal  joints 
in  giving  opportunity  for  the  entrance  of  subsurface  water  from  the 
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drift.  Owing  to  their  parallelism  to  the  rock  surface  maDy  of  the 
horizontal  joints  pitch  downward  when  they  reach  the  ground  surface 
and  consequently  do  not  offer  good  conditions  for  the  entrance  of 
water,  although  in  exposiu*es  of  bare  rock  the  fractures  lying  at  low 
angles  tend  to  absorb  more  of  the  precipitation  than  the  vertical 
joints. 

WATER  BED  AT  CONTACT  OP  ROCK  AND  DRIFT. 

The  glacial  drift  rests  directly  upon  bed  rock  ^^nthout  any  interven- 
ing soil  or  disintegrated  material.     (See  fig.  24.)     There  is  a  sharply 

drawn  line  of  contact  bcv 
tween  the  till,  stratified 
drift,  or  clay  and  the 
gneiss,  schist,  sandstone, 
or  other  rock  beneath. 
The  contact  forms  a  water 
bed,  the  supplies  from 
which  are  larger  and  more 
permanent  than  those  of 
any  bedding  plane  in  the 
Triassic  sediments  or  set 
of  joints  in  the  crystalline 
rocks.  As  shown  above, 
the  drift  is  filled  with  water,  which  percolates  downward  more  rapidly 
than  it  can  be  imbibed  by  the  rocks.  The  result  is  an  accumulation 
of  water  at  the  rock  surface  which  brings  the  drift  to  the  point  of 
saturation.  In  this  way  the  layer  immediately  above  the  rock  is  sup- 
plied with  water  to  30  to  40  per  cent  of  its  volimie,  an  amount  equal 
to  2.24  to  2.99  gallons  a  cubic  foot.  Wells  simk  to  the  contact  of 
drift  and  rock  show  a  large  yield.  Three  wells,  owned  by  the  Bradley 
&  Hubbard  Manufacturing  Company,  at  Meriden,  reach  rock  at 
depths  of  203,  208,  and  256  feet,  and  have  a  combined  yield  of  100 
gallons  a  minute. 

WELLS  IN  Tllili  AND   STRATIFIED  DRIFT. 

Probably  tliree-fourths  of  all  the  wells  in  the  State  are  shallow, 
open  pits  of  large  diameter,  sunk  in  glacial  material.     (See  fig.  25.) 


FiGUPK  24. — Section  showing  common  relation  of  rock  surface 
to  overlying  drift. 


FiGUBE  25. — Qeneralized  section  showing  relation  of  rock  to  glacial  drift.    A,  Layers  of  sand  and  gravel, 
partly  saturated  with  water;  B,  bowlder  clay;  C,  crystalline  rock. 
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Ow^ing  to  the  uniform  rainfall,  these  wells  yield  sufficient  water  for 
domestic  purposes,  but  the  supply  is  uncertain  and  is  subject  to 
marked  seasonal  and  annual  variation.  The  data  collected  for  this 
report,  taken  in  connection  with  investigations  made  by  the  State 
board  of  health,  indicate  that  such  wells  are  not  to  be  recommended 
either  for  laige  yields  or  for  unqualified  purity. 

WATER  HORIZON. 

The  principal  water  horizons  in  glacial  drift  are  the  porous  sandy 
beds  confined  between  beds  of  material  more  or  less  impervious.  The 
water-bearing  layer  may  be 
sand  or  gravel,  or  even  clay 
containing  a  small  propor- 
tion of  sand,  and  it  may  lie 
between  layers  of  till  and 
stratified  drift,  between  dif- 
ferent members  of  a  strati- 
fied-drift  series,  or  between 
the  till  and  bed  rock.  At 
StaflFord  Springs  John  Mc- 
Carty  finds  that  wells  in 
drift,  which  average  about 
20  feet  in  depth,  are  sunk 
through  a  top  covering  of 
loam,  followed  by  2  to  10 
feet  of  sand  and  gravel,  and 
then  by  a  layer  of  hardpan 
5  to  20  feet  in  thickness. 
The  water  comes  either  from 
the  sand  above  the  hard- 
pan  or,  more  commonly, 
from  the  contact  between 
the  hardpan  and  the  under- 
lying rock.  In  many  places 
the  till  acts  as  a  confining 
bed    to    retain    the   water 

stored     in    both     sand     and       Figube  26.— Diagram  of  well  at  south  WllUDgton,  showing 

gravel.     In  f a<;t,  the  hard-  ^^""^  ^^'^^^  ^'  ~°^^  ^' ""  ^^  '^'^"^'^  ^'*''- 

pan  variety  of  till  exerts  its  chief  influence  as  an  impervious  bed  to 
limit  the  percolation  of  ground  water.  This  relation  is  illustrated 
by  the  well  of  Mr.  Coppus,  at  South  Willington  (see  fig.  26),  where  the 
water  enters  in  quantity  at  the  junction  of  sand  and  underlying  till. 
The  most  favorable  water  horizon,  however,  is  in  the  drift,  the  zone 
lying  immediately  over  bed  rock,  as  explained  on  page  142. 
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There  is  usually  sufficient  variation  in  the  texture  of  the  stratified 
drift  to  furnish  pervious  and  impervious  layers  in  contact.  A  slight 
variation  in  fineness  of  grain  may  be  all  that  is  necessary  to  concen- 
trate the  water  along  one  plane,  but  the  most  favorable  relations 
exist  where  sand  overlies  clay.  In  the  brick  yards  at  Montowese, 
Berlin,  and  North  Haven  water  is  present  in  quantity  along  the  up- 
per surface  of  the  clay  beds,  and  in  other  localities  sandy  layers 
between  beds  of  clay  furnish  abundant  water  supplies.  The  whole 
North  Haven  sand  plain  is  a  good  illustration  of  this  relation.  The 
area  is  underlain  at  a  depth  of  20  to  30  feet  by  beds  of  clay  5  to  20 
feet  thick,  on  top  of  which  lie  sand  and  gravel.  Water  sinks  so  readily 
into  the  sand  that  vegetation  is  practically  absent  from  this  area, 
but  wells  sunk  to  the  clay  bed  find  abundant  water,  and  where  the 
strata  are  shown  in  sections,  as  along  Quinnipiac  River,  there  is  a  line 
of  springs  and  seepages.  In  certain  localities  the  bed  of  clay  holds 
the  water  under  hydrostatic  pressure,  and  when  this  cover  is  pierced 
by  a  well  the  water  rises  nearly  or  quite  to  the  surface. 

Wells  sunk  in  till  which  does  not  contain  sandy  layers  have  no 
definite  water  horizon.  In  such  wells  the  water  is  seen  to  form  as  a 
film  and  to  drip  from  the  surface,  or  to  ooze  out  in  small  amounts 
around  some  of  the  larger  bowlders.  The  circulation  of  water  in 
such  material  is  much  retarded,  and  the  weUs  are  accordingly  likely 
to  vary  much  in  yield. 

DEPTH  AND  YIELD. 

The  average  depth  of  the  recorded  weUs  in  till  is  24  feet,  which  Is 
probably  5  feet  too  much,  as  an  average  for  the  State,  because  of  the 
omission  of  a  largo  proportion  of  shallow  dug  wells.  The  greatest 
depth  reported  is  151  feet  and  the  least  7  feet.  A  few  wells  located 
at  the  contact  of  drift  and  bed  rock  flow  at  the  surface. 

The  average  depth  of  83  weUs  in  stratified  drift  is  48.3  feet,  a 
figure  probably  10  feet  in  excess  of  an  average  made  by  including 
iseveral  thousand  shallower  wells  sunk  in  this  material.  The  deepest 
well  in  drift  is  110  feet  deep  and  the  least  depth  recorded  is  7  feet, 
but  the  tables  do  not  include  numerous  wells  with  depths  of  less 
than  10  feet  that  are  known  to  exist. 

These  weUs,  both  in  till  and  stratified  drift,  probably  procure  all 
the  water  necessary  for  domestic  purposes,  for  wliich  they  are  largely 
used;  by  sinking  to  greater  depths  they  could  obtain  much  larger 
supplies.  The  average  thickness  of  the  drift  cover  over  the  sand- 
stones is  38.4  feet  and  over  the  crystalline  rocks  36  feet,  an  average 
of  about  37  feet  for  the  State.  It  is  readily  seen  that  the  wells  in 
till,  with  an  average  depth  of  24  feet,  do  not  penetrate  to  great  depths 
in  this  glacial  material.  The  wells  in  stratified  drift  are  sunk  deeper 
and  take  more  advantage  of  the  opportunity  offered  to  procure 
large  supplies  from  a  considerable  thickness  of  drift.     In  case  more 
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water  is  desired,  it  is  advisable  to  sink  a  well  in  drift  to  bed  rock  or  a 
few  feet  into  the  fractured  upper  surface  of  the  rock  itself.  These 
are  the  conditions,  as  explained  above  (p.  142)  under  which  the  largest 
yield  of  water  may  be  obtained  with  a  minimum  depth  of  well. 

The  number  of  wells  recorded  of  various  depths  in  the  till  and 
stratified  drift  is  shown  in  the  subjoined  statement. 
Depths  ofwelU  in  till  and  stratified  drift. 


Number  of  wells. 

Depth,  In  feet. 

Number  of  wells. 

Uepth,  In  feet. 

Tfll. 

Stratified 
drift. 

TiU. 

Stratified 
drift. 

0-^                     

84 
8 
1 

31 
21 

9 : 

1 

70-flO 

1 

7 

90-110 

0 

50-70                  

110-200 

2 

5 

QUALITY  OF  WATER. 

Till  and  stratified  drift,  alike,  are  composed  of  fragments  of  all 
sorts  of  rock,  and  it  is  therefore  to  be  expected  that  the  quality  of 
the  water  should  vary  within  wide  limits,  with  reference  to  both 
depth  and  location,  and  that  water  from  different  depths  and  from 
different  locations  should  be  unlike  in  character.  The  waters  of 
weUs  in  till  derived  from  sandstone  and  limestone  are  sure  to  con- 
tain compounds  of  calcium,  magnesium,  etc.,  making  them  hard, 
while  wells  sunk  in  drift  composed  of  fragments  of  crystalline  rocks 
are  nauch  more  likely  to  yield  soft  water.  Wells  in  till  are  more 
liable  to  have  hard  water  than  those  in  stratified  drift,  because  the 
water  circulates  slowly  and  with  difficulty  in  material  of  this  sort 
and,  accordingly,  has  an  opportunity  to  take  larger  amounts  of  min- 
eral matter  into  solution.  The  tables  of  wells  in  till  show  45  yield- 
ing hard  water,  38  soft,  and  11  medium  in  a  total  of  94  wells.  In 
stratified  drift  25  wells  are  reported  to  yield  hard  water,  30  soft,  and 
4  medium  out  of  a  total  of  59. 

Most  wells  in  drift,  especially  if  they  are  shallow  and  open  and  of 
large  diameter,  contain  impurities.  Wells  of  this  character,  espe- 
cially if  they  have  been  dug  a  number  of  years  and  are  located  near 
buildings,  are  so  liable  to  contamination  that  an  examination  of  the 
water  should  be  made  at  short  intervals.  In  thickly  settled  dis- 
tricts the  water  in  shallow  wells  is  often  dangerous.  Many  wells 
near  the  beach  sunk  in  stratified  drift  give  brackish  water,  although 
a  number  of  instances  to  the  contrary  may  be  cited.  Wells  in  till 
are  much  less  liable  to  contamination  by  salt  water,  and  a  number 
of  such  wells  are  located  along  the  shore  in  close  proximity  to  the 
Sound.  Two  wells  at  Saybrook  Point  are  reported  to  contain  fresh 
water  except  during  dry  seasons,  when  the  water  becomes  low  and 
brackish. 

46a— IRB  232—09 10 
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WATER  LEVEL. 

The  wells  in  till  have  an  average  depth  of  24  feet  and  those  in 
stratified  drift  48.3  feet  so  far  as  recorded.  The  average  depth  to 
water  in  these  wells,  however,  is  10  feet  for  the  till  and  20.6  feet  for 
the  stratified  drift.  If  the  thousands  of  unrecorded  wells  in  the  State 
were  added  to  the  list  the  average  distance  of  water  from  the  sur- 
face would  probably  be  still  less.  These  figures  indicate  the  freedom 
of  circulation  of  water,  especially  in  the  stratified  drift,  for  the  princi- 
pal water  horizon  is  at  a  depth  of  35.5  feet  and  the  average  rise  of 
water  in  the  well  is  therefore  15  feet.  UnUke  the  wells  in  sandstone 
and  crystalline  rocks,  the  wells  in  till  and  stratified  drift  are  subject 
to  great  variation  of  water  level,  both  annual  and  seasonal,  and 
sometimes  daily. 

The  average  variation  of  water  level  of  wells  in  till  recorded  on 
pages  148-150  is  12  feet,  sufficient  to  render  many  shallow  wells 
valueless  in  dry  seasons.  Most  of  these  wells  have  a  regular  annual 
period  of  maximum  supply  in  late  winter  or  spring,  when  they  are 
full  or  overflowing.  Single  showers  often  raise  the  water  level  because 
of  the  added  supply,  but  much  more  because  of  pressure  on  the  air 
contained  in  the  soil.  Sudden  rises  of  water  in  wells  amoimting  to 
several  feet  are  frequently  reported,  under  circumstances  where  the 
rainfall  could  not  have  had  time  to  enter  the  well  through  the  drift 
and  where  the  pressure  of  soil  air  was  amply  sufficient  to  account 
for  the  phenomenon.  However,  it  is  usually  impossible  to  tell  in 
any  particular  case,  how  much  of  the  rise  is  due  to  infiltration  and 
how  much  to  the  pressure  applied  to  the  air  occupying  the  space 
between  the  grains.  The  wells  of  Sperry  &  Barnes,  at  New  Haven, 
fluctuate  in  harmony  with  the  level  of  water  in  the  Sound,  rising 
sometimes  10  inches  in  advance  of  the  tide.  The  change  in  level  is 
probably  not  due  to  the  forcing  of  salt  water  toward  the  well,  but 
rather  to  a  squeezing  of  the  fresh  water  from  the  pores  of  the  sand, 
owing  to  the  weight  of  the  tons  of  water  piled  up  on  the  shore. 

In  stratified  drift  the  fluctuation  of  the  water  level  is  not  so  marked, 
owng  doubtless  to  the  greater  ease  of  circulation  in  the  loose-textured 
sands  and  gravels.  Sudden  rises,  however,  due  to  air  pressure,  as 
explained  above,  are  reported. 

The  relation  of  rainfall  to  the  fluctuation  of  water  level  in  stratified 
drift  is  well  shown  by  experiments  conducted  at  the  Yale  Medical 
School,  New  Haven.°  The  well  in  which  measurements  were  taken 
is  sunk  in  sand  at  146  York  street,  and  the  rain  gage  was  located  on 
the  roof  of  the  iledical  School  building  on  the  adjacent  lot,  and  read 
on  the  15th  of  each  month.  As  shown  by  the  table  below,  the  greatest 
depth  of  water  at  any  time  was  7.15  feet  and  the  least  5.50  feet, 
showing  a  variation  during  the  year  of  1.65  feet. 

o  Report  Connecticut  State  Board  of  Health  for  1889-90,  p.  282. 
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Konth. 

RainfiOL 

I>epth  from 

surface  to 

water. 

Depth  of 
water. 

Sefwnlw. 

Ineket, 
5.16 
6.54 
.87 
3.96 
2.87 
7.13 
3.64 
4.36 
2.50 
5.23 
4.21 
6.21 
5.16 

Feet, 

Feet. 

T»^*^\m                            

21.70 

22 

22.35 

21.90 

21.70 

21.90 

21.85 

22.70 

23 

23.35 

23.40 

23 

7.16 

jsauaiT                

6.86 

Ptirmrj 

6.50 

tfarh                , ,     .       

6.95 

Aaci      

7.15 

Kr ::: 

6.96 

S:::::;:::::::::::::::::.: 

7 

JbIt                

6.15 

Anfoit - - 

5.86 

•^Mwutyr 

5.50 

'>«BtW                                 .  .        .  .        -  -    - -  - - 

5.45 

N^vvBber 

6.86 

57.84 

COST  OF  WELIiS. 

Of  82  wells  in  stratified  drift  28  are  drilled,  22  are  driven,  and  32 
are  dug.  The  average  cost  of  6-inch  drilled  wells  is  about  $3.50  a 
foot;  of  li-inch  driven  wells,  70  cents  a  foot;  and  of  3-foot  dug  wells, 
$3.15  a  foot. 

Wells  in  till  have  an  average  inside  diameter  of  3  feet  and  an 
outside  diameter  of  6  feet.  They  are  usually  lined  with  field  stone 
and  cost  an  average  of  $3.10  a  foot. 

RECORDS  OF  WELLS  IN  THjIj. 

The  following  table  comprises  the  available  records  of  Connecticut 
wells  in  tUl. 
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NOTES. 

1.  Pafisee  through  3  feet  of  moist  clay  loam  above  14  feet  of  hardpan.  This  is 
one  of  six  dug  wells  varying  from  16  to  28  feet  in  depth,  and  is  stoned,  jug  shape. 

4.  An  excavated  spring,  the  water  being  transported  by  a  pipe  with  a  50-foot 
fall. 

5.  Passed  through  hardpan  for  the  entire  depth.  The  water  level  varies  greatly, 
the  well  being  nearly  dry  in  some  seasons.  A  stream  the  size  of  a  lead  pencil  was 
struck  6  feet  from  the  top  and  another  stream  was  encountered  below  a  flat  rock. 

6.  In  hardpan,  with  loam  above.    Water  flows  into  the  well  from  the  northwest. 
10.  Supply  said  to  be  practically  unlimited  and  lowered  with  difficulty.    Well  is 

in  sandy  clay  underlain  by  hardpan. 

21.  Put  down  in  1900  through  14  feet  of  hardpan  and  obtained  a  strong  flow  from 
quicksand. 

27.  Passed  through  3  feet  of  soil  and  22  feet  of  "clay  hardpan"  containing  "stones 
as  large  as  a  water  pail."  No  streams  of  water  were  encountered,  the  water  oozing 
from  the  hardpan  in  drops. 

29.  Blasted  into  rock  5  feet  and  occasionally  becomes  dry;  35  feet  away  is  an 
unfailing  well  sunk  7  feet  in  till  and  containing  soft  water. 

33.  Never  failing,  but  varies  in  amount  of  water  with  seasonal  changes.  Passes 
through  3  feet  of  loam  and  15  feet  of  hardpan. 

89.  Passed  through  2  feet  of  topsoil,  8  feet  of  clay  subsoil  or  hardpan,  and  6  feet 
of  sand  and  gravel.  Water  came  in  from  several  small  veins  (probably  from  sand 
and  gravel).  Water  level  lowers  in  dry  seasons,  but  ordinarily  rises  within  8  feet  of 
surfoce. 

43.  Flows  in  wet  seasons  and  occasionally  runs  dry  at  the  same  time  as  an  adja- 
cent stream.    The  well  is  located  on  a  sandy  knoll,  and  may  be  in  stratified  drift. 

55.  First  5  feet  were  soil  and  clay  subsoil;  first  water  struck  at  9  feet,  yielding  40 
barrels  a  day.  Remaining  19  feet  through  hardpan  containing  and  underlain  by 
coarse  gravel  at  the  bottom,  from  which  issued  a  large  stream  of  water  rising  within  3 
feet  of  the  surface.    According  to  Rev.  R.  E.  Turner,  local  artesian  conditions  prevail. 

B8.  Struck  water  at  13  feet  below  the  surface,  where  rocks  occurred  in  sand  and 
water  came  in  as  a  strong  flow.     Has  never  been  dry. 

records'  of  wells  in  stratified  drift. 

The  available  records  of  wells  in  stratified  drift  are  summarized  in 
the  following  table: 
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NOTES. 

9.  Dug  in  a  springy  spot,  water  being  struck  almost  immediately,  with  a  heavy 
flow  at  the  bottom.  Level  varies  somewhat  with  seasonal  changes,  but  even  in  dry 
seasons  is  high. 

20.  Log  shows  coarse  sand  containing  much  water,  beneath  which  is  fine  sand 
underlain  by  6  inches  of  gravel,  and  clay  at  the  bottom. 

21.  First  12  feet  through  gravel,  which  overlies  50  feet  of  quicksand  that  plugged 
the  pipe  and  prevented  inflow.    The  water  horizon  is  in  gravel  below  the  quicksand. 

47.  Used  for  condensing  ammopia  in  refrigerator.  At  26  or  27  feet  below  surfece  is 
quicksand  and  below  this  clay. 

49.  Located  near  together  and  used  to  supply  water  for  baths  and  swimming  pool. 

50.  Driven  in  at  sea  level;  water  rises  10  inches  in  advance  of  the  tide.  The  pipes, 
40  in  number,  pass  through  7  feet  of  tide  water,  25  feet  of  soft  blue  mud,  6  feet  of  hard 
blue  clay,  3  feet  of  material  resembling  hardpan,  and  2  feet  of  mixed  coarse  and  fine 
gravel,  which  yields  the  water.  A  pipe  has  been  sunk  300  feet  from  the  surface, 
passing  through  quicksand  all  the  way  below  the  gravel  to  bed  rock. 

64.  Sunk  through  5  feet  of  black  and  yellow  loam  and  16  feet  of  dark-colored  hard- 
pan  with  cobblestones,  reaching  rock  here  at  25  feet  below  the  surface.  One-half 
mile  farther  north  is  a  second  well,  15  feet  deep,  which  passes  through  soft  loam  and 
quicksand  and  yields  an  abundance  of  soft  water.  Immediately  to  the  east  are  wellSf 
10  to  12  feet  deep,  in  gravelly  soil.    Toward  the  south  the  wells  are  in  clay  and  hardpan. 

66.  One  of  a  gang  of  five  driven  wells  (two  6-inch  and  three  3-inch)  supplying  the 
town  of  Ridgefield.  Another  6-inch  well  is  75  feet  deep  but  of  small  yield,  probably 
because  it  passes  nearly  through  the  water-bearing  gravel. 

70.  Driven  wells  on  gravel  island  in  small  lake.  Temperature  of  water  said  to  be 
48^  to  52®  from  February  15  to  July,  and  from  July  to  February  will  rise  to  58®  to  62**. 

71.  Said  to  have  been  drilled  through  hardpan,  the  water  coming  in  several  small 
veins. 

78.  Passes  through  thin  layers  of  loam  and  gravel  and  at  12  feet  into  ''closely 
packed  broken  rock.'' 

76.  Drilled  19  feet  into  rock,  but  the  supply  of  water  comes  at  the  contact  of  the 
rock  and  the  surface  material. 

81y  82.  Said  to  have  passed  through  sand,  gravel,  and  clay,  deriving  their  water 
from  clay.  A  complete  record  of  a  well  in  the  same  vicinity  gives  15  feet  solid  clay; 
15  feet  hardpan  containing  pebbles  one-half  inch  to  3  inches  in  diameter;  41  feet 
gravelly  dark  soil;  29  feet  bowlder  material;  10  feet  decomposed  dry  rock. 
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CHAPTER  VU. 

WATER  SUPPLY  OF  TYPICAL  AREAS. 

WARREN— A  HIGHLAND  TOWN. 

Warren  is  a  typical  highland  town,  with  a  population  of  432,  de- 
Toted  to  i^riculture  and  allied  interests.  It  has  an  average  eleva- 
tion of  about  1,000  feet  and  an  annual  rainfall  of  about  50  inches. 
Mica  schist  (Berkshire)  forms  the  bed  rock  in  the  western  and  south- 
eastern parts  of  the  town;  gray  banded  gneiss  (Becket)  occurs  at 
Cornwall  Center;  and  granite  occupies  the  northeast  comer  of  the 
town  on  both  sides  of  the  west  branch  of  the  Shepaug.  Glacial  till 
forms  a  mantle  over  most  of  the  rock  surface  and  constitutes  the 
principal  water-bearing  formation. 

There  are  very  few  places  in  the  town  where  abimdant  water  is  not 
found  at  a  depth  of  less  than  40  feet,  and  springs  are  numerous  at 
low  and  high  levels.  In  general,  the  farmers  can  choose  between 
digging  a  shallow  well  and  bringing  water  from  a  spring,  as  the  cost 
of  digging  a  30-foot  well  is  estimated  to  be  the  same  as  installing  a 
pipe  line  80  rods  long.  Mineral  springs  are  not  found  in  the  town, 
and  only  one  windmill  is  report^.  The  springs  furnish  soft  water, 
the  wells  hard. 

The  following  detailed  information  regarding  the  water  supply  of 
Warren  has  been  furnished  by  Myron  A.  Munson.  The  numbers 
refer  to  locations  on  the  accompanying  map  (fig.  27). 

1.  Spring  Slink  4  feet,  near  the  house;  go  for  the  water. 

2.  Water  for  house  and  bam  brought  from  spring  50  or  60  rods  east;  soft,  and  excel- 
l«rt;  running  since  1852.  Also  well  14 J  feet  deep,  water  7  feet;  poor,  apparently 
surface  water  mainly. 

S.  Water  obtained  from  spring. 

4.  Well  16}  feet  deep;  water  5  feet;  good. 

5.  Well  21  feet  deep;  water  8 J  feet;  excellent,  "soft  for  a  well,  makes  good  suds." 

8.  Well  15i  feet  deep;  water  7  feet;  rather  hard;  use  rain  water  also. 

9.  Well  19  feet  deep;  water  very  hard.  There  are  two  excellent  springs  at  a  dis- 
tance of  20  and  30  rods. 

10.  Conditions  not  fovorable  for  wells. 

IS.  Three  wells  on  the  place.  The  one  now  in  use  is  less  than  20  feet  deep.  Water 
was  formerly  soft;  coal  ashes  were  deposited  in  some  near-by  depression,  since  which 
the  quality  of  the  water  has  deteriorated.  The  well  is  unfailing,  and  the  supply  so 
copious  that  it  is  difficult  to  exhaust  the  well  sufficiently  to  prepare  it  for  cleaning. 
"It  would  supply  water  for  a  himdred  cattle.**  There  are  two  springs  on  the  place 
with  water  having  a  temperature  of  48^. 

157 
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14.  Well  about  12  feet  deep;  water  is  soft. 

17.  Water  conducted  from  a  spring. 

18.  Water  brought  from  a  spring  on  a  lower  level  by  means  of  a  ram. 

19.  Water  brought  to  house  from  spring,  which  is  about  25  feet  above  the  doorstep 
and  15  rods  distant;  2  feet  deep;  foils  in  dry  season.  A  second  spring,  supplying 
water  to  bam,  boils  up  through  sand  and  never  fails;  water  is  conducted  to  south 
bam.    A  third  spring,  of  constant  flow,  supplies  milk  house  and  horse  trough.      A. 


• -, .^_       CORNWAXL 


WASHII^GTON 


iMile 


Figure  27.— Map  of  Warren,  showing  location  of  wells. 

fourth  spring,  unfailing,  is  used  only  as  pasture  supply.    Across  the  swampy  meadow 
to  the  west  is  another  good  spring. 

20.  Rock  ledge  exposed;  water  formerly  conducted  from  a  spring.    Conditions  at 
the  house  are  unfavorable  for  wells. 

21.  Well  18  feet  deep;  water  SJ  feet;  not  verj'  hard;  two  springs  across  the  road 
supply  milk  houses. 

22.  Well  12  feet  deep;  water  very  hard.     Spring  at  milk  house  across  the  road  is 
declared  to  be  "soft  and  sweet." 
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2S.  Well  l^  feet  deep;  water  hard;  rain  water  also  used.  Spring  at  milk  house 
roDsiatfl  of  three  streamB,  which  gush  up  from  sand. 

ii.  Obtains  water  from  a  spring  in  the  field. 

iL  Supply  similar  to  No.  24. 

2ft.  Has  a  "laundry  spring  "  within  3  or  4  rods  of  the  house;  a  better  one  5  or  6  rods 
iway;  soft,  and  seldom  failing. 

27.  Well  12  feet  deep;  water  hard;  rain  water  also  used. 

28.  A  good  spring  of  soft  water  5  or  6  rods  distant  from  the  house,  "flowing  as  fast 
u  can  dip; "  another  colder  spring  is  4  rods  farther  away. 

29.  Well  38  feet  deep;  water  22}  feet;  hard,  and  unfailing.  At  60  rods  down  the 
hill  to  the  northeast  is  an  ice  pond  into  which  hve  springs  flow.  An  unsuccessful 
fttempt  was  made  to  bring  an  unfailing  spring  from  a  distance  of  a  quarter  of  a  mile. 
A  windmill  was  installed  at  the  well  a  few  years  ago  but  was  later  discarded. 

SO.  Well  18  feet  deep;  water  9}  feet. 

31.  Well  16  feet  deep;  water  6}  feet.  Soft  water  is  brought  from  a  spring  30  rods 
disUnt. 

32.  Brings  water  in  pails  from  an  excellent  spring  of  soft  water  at  a  distance  of  8 
or  10  rods. 

8).  This  family  obtains  watef  from  a  good  spring  30  rods  distant. 

35.  Water  rather  hard. 

36.  Well  17  J  feet  deep;  water  very  hard,  also  contaminated.  A  new  well  about  12 
feet  deep  at  a  distance  of  15  rods  obtained  good  water. 

37.  Well  good;  unfailing  in  driest  times. 

3$.  Well  13i  feet  deep;  water  hard,  yet  suitable  for  washing. 

41.  Well  16}  feet  deep;  water  said  to  be  good. 

42.  Well  23 J  feet  deep;  water  a  little  hard.  Used  for  all  purposes,  though  a  little 
way  eart  and  west  of  the  house  are  two  soft  springs.  Is  the  "best  in  town."  Never 
bowB  to  fail  when  drought  was  most  severe. 

48.  Well  17  feet  deep;  water  7}  feet;  a  little  hard;  rain  water  (cistern)  also  used. 
Excellent  spring  70  rods  to  the  northeast  in  comer  of  the  orchard;  another  150  rods  to 
ihe  southeast.  Horse  bam  supplied  from  a  well  10  feet  deep,  containing  6i  feet  of 
water.    "The  springs  about  here  are  soft." 

44.  Water  carried  from  a  spring  near  at  hand,  but  at  a  lower  level. 
44.  Well  15}  feet  deep;  water  6  feet;  good.    A  spring  in  a  swamp  near  at  hand  has 
been  used. 

46.  Well  7  or  8  rods  west  of  house,  15}  feet  deep;  contains  7}  feet  of  poor  water, 
^ater  has  been  carried  from  the  swamp  named  above  (No.  45)  into  the  cellar  of  this 
ijonse,  but  the  method  worked  poorly,  and  frequent  repairing  was  necessary. 

47.  Water  conducted  from  a  spring  at  a  considerable  distance. 

49.  Water  from  spring  at  a  distance  of  40  rods. 

50.  Well  5  feet  deep;  water  hard;  unfailing. 

51.  Water  brought  from  a  spring  sunk  to  produce  a  well  of  12  feet  depth;  soft,  good, 
and  unfailing;  has  been  used  for  fifty  years. 

52, 58.  Two  of  six  houses  supplied  from  a  spring  on  the  hills  to  the  east. 
54.  Unfcivorable  location  for  wells.    Well  measures  36}  feet,  the  "deepest  in  the 
town;'*  water  13  feet,  but  is  **  likely  to  become  scant  in  the  summer." 

56.  Well  20}  feet  deep;  water  has  an  iron  taste.  A  well  13^  feet  deep  across  the 
f'ad  in  a  comer  of  the  barnyard  is  said  to  contain  good  water. 

57.  Well  a  few  yards  west  of  the  house  16}  feet  deep;  water  very  hard.  A  number 
<rfgood  springs  on  lower  ground. 

58.  Well  13}  feet  deep  spoiled  by  drainage  from  cesspool.  There  are  six  good 
springs,  sweet  and  soft,  on  the  place  at  no  great  distance,  four  of  the  six  never  failing. 
The  house  is  supplied  by  two  springs  united,  a  quarter  of  a  mile  distant.  A  ram  is 
employed. 
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59.  Well  17  feet  deep;  water  12}  feet;  ''soft  as  a  spring;''  sometimee  fails. 

61.  Well  12  feet  deep;  water  6  feet;  im&dling;  soft,  good  for  washing.  Said  on 
the  spot  to  be  the  "best  in  town." 

62.  Well  10  feet  deep;  water  5}  feet,  hard.  Water  is  brought  from  a  spring  to  this 
house  and  to  the  one  across  the  road. 

66.  Spring  of  cold  water  issuing  from  a  beautiful  grotto;  water  is  of  uniform  tem- 
perature throughout  the  year. 

NORTH  HAVEN— A  IiOWIiAND  TOWN. 

The  conditions  surrounding  the  occurrence  and  recovery  of  ground 
water  in  the  central  lowland  are  illustrated  in  the  town  of  North 
Haven,  a  portion  of  which  is  shown  on  the  accompanying  map  (fig. 
28).  The  area  has  an  elevation  of  less  than  100  feet  and  is  imderlain 
by  sandstone,  on  top  of  which  rest  clays,  sands,  gravels,  and  till  of 
glacial  origin.  Sand  with  large  water  capacity  is  the  predominating 
surface  formation.  In  the  following  descriptions  the  numbers  refer 
to  locations  on  the  map: 

1.  Well  30  feet  deep;  contains  about  4  feet  of  water.  In  sand  and  gravel  the  entire 
distance. 

2.  Well  30  feet  deep;  has  6  feet  of  water.    In  sand  and  gravel. 

8.  Well  30  feet  deep,  in  sand  and  gravel;  has  4  feet  of  water,  ''not  very  good." 

4.  A  drilled  well,  115  feet  deep,  all  of  the  distance  in  sand  and  gravel. 

5.  Well  20  feet  deep;  has  4  feet  of  water.     In  sand  and  gravel. 

6.  One  well  30  feet  deep,  with  5  feet  of  water;  one  20  feet  deep,  with  6  feet  of  water; 
both  in  sand  and  gravel.  There  is  also  an  excellent  spring  at  this  place,  having  a  fall 
of  11  feet,  which  is  sufficient  to  force  water  to  all  parts  of  the  house.  The  ground 
water  in  the  spring  and  in  the  shallow  well  appears  to  come  from  the  northwest;  that 
in  the  other  well  comes  from  the  northeast. 

7.  Passes  through  sand,  reaching  rock  at  a  depth  of  20  feet.  The  water  comes  from 
just  above  the  rock.  The  well  is  practically  inexhaustible,  three  families  using  it  all 
the  time. 

8.  A  large  supply  of  good  water  from  a  well  sunk  17  feet  into  sand.  Has  7  feet  of 
water. 

9.  Drilled  in  sandstone  to  a  depth  of  153  feet.  Most  of  the  water  was  reached  at 
the  50-foot  level. 

10.  One  well  is  16  feet  deep  in  red  sandstone  and  near  at  hand  is  another  well  or 
spring  9  feet  deep  in  which  the  water  is  seen  to  bubble  up  through  the  sand  at  the 
bottom.  One  hundred  barrels  of  water  have  been  pumped  from  this  spring  at  one 
time  without  exhausting  the  supply.     Both  wells  are  very  close  to  Quinnipiac  River. 

11.  Drilled  well  45  feet  deep;  in  rock  for  almost  the  entire  distance.  Gives  an 
abundant  supply  of  good  water. 

12.  Drilled  in  red  sandstone  to  a  depth  of  126  feet,  most  of  the  water  being  reached 
at  a  depth  of  about  45  feet;  yields  a  good  supply  of  water.  A  spring  also  occurs  in  the 
back  yard. 

18.  Well  25  feet  deep;  walled  with  stone.  After  every  freshet  the  sand  pours  in  at 
the  crevices  so  that  it  needs  cleaning  frequently.    The  water  is  excellent  and  abundant. 

14.  Well  15  feet  deep;  contains  5  feet  of  water.  It  does  not  fail,  and  the  water  is 
soft  and  good. 

15.  Well  16  feet  deep;  holds  8  feet  of  water.  The  water  is  very  good,  but  fails  in  dry 
seasons.  Spring  300  yards  to  the  northeast  gives  an  abundance  of  water  for  house  use 
and  is  high  enough  to  send  water  into  all  the  rooms  of  the  second  story  by  gravity. 
There  is  also  a  spring  at  the  bam. 
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1.6.  Constant  spring  of  good  water. 

1.7.  Said  to  be  about  20  feet  deep. 

1.8.  Well  17  feet  deep.  The  firet  few  feet  are  in  sand  and  the  remainder  in  red 
sandstone,  with  a  sharp  easterly  dip.  The  water  occurs  in  the  rock  and  varies  but 
little  with  the  seasons. 

19.  Well  22  feet  deep;  has  about  4  feet  of  soft  water. 

20.  Well  30  feet  deep,  the  last  18  feet  in  red  sandstone.  The  water  found  in  the 
rock  is  soft  and  plentiful. 

21.  Well  30  feet  deep,  in  sand  and  gravel.  About  5  feet  of  soft  water  stands  con- 
stantly in  the  well. 


Fiousx  28.— Map  of  North  Hav«n,  showing  location  of  wells. 


22.  Well  sunk  36  feet  in  sand.    Water  is  plentiful  and  not  very  hard. 
28.  Two  wells;  one  at  bam  25  feet  deep  with  3  feet  of  water;  one  at  house  30  feet 
deep  with  5  feet  of  water.    Neither  well  runs  dry. 

24.  Well  30  feet  deep;  has  5  feet  of  water.  The  first  25  feet  are  said  to  be  in  hardpan 
and  the  remainder  in  sand.    Abundant  water  was  found  in  the  sand. 

25.  Well  30  feet  deep.  The  first  25  feet  are  in  the  hardpan,  then  comes  2  inches 
of  sand  in  which  the  water  is  found,  and  then  about  4  feet  more  of  hardpan.  The 
water  is  plentiful,  varies  from  3  to  11  feet  in  depth^  and  is  soft  enough  to  be  used  con- 
tinually for  a  laundry. 

463— IRR  232—09 11 
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26.  Drilled  well  128  feet  deep.  It  is  reported  that  the  first  84  feet  are  in  sand  and 
hard  gravel  and  the  last  44  feet  in  hardpan. 

27.  Drilled  well  140  feet  deep;  derives  water  at  depth  of  100  feet,  near  contact  of 
rock  and  till.  Water  is  hard,  rises  within  25  feet  of  the  surface,  and  does  not  vary  in 
amount  with  seasons. 

28.  Well  dug  in  hardpan  to  a  depth  of  44  feet.  In  the  spring  it  sometimes  contains 
as  much  as  15  feet  of  water.     '  *  This  water  will  rust  a  tin  in  one  night. ' ' 

29.  A  very  old  well,  dug  and  walled  with  brick;  45  feet  deep;  amount  of  wat^ 
varies  from  5  to  15  feet. 

80.  Dug  well,  29  feet  deep;  contains  4  feet  of  water. 

81.  Dug  to  a  depth  of  45  feet  in  CQurse  gravel.    Became  dry  during  one  season. 

82.  Dug  to  a  depth  of  12  feet  in  sand  and  gravel.  It  was  dry  once,  but  only  for  a 
short  time.    Ordinarily  about  2  feet  of  water  stands  in  the  well. 

88.  Family  gets  water  from  a  spring  which  issues  at  the  top  of  a  layer  of  clay. 

84.  Well  15  feet  deep;  has  2  feet  of  water.  Walled  with  brick,  but  abandoned  on 
account  of  suriace  contamination. 

85.  Drilled  well,  195  feet  deep;  yields  8  or  10  gallons  a  minute.  The  first  few  feet 
are  in  sand,  then  comes  about  50  feet  of  clay  underlain  by  red  sandstone.  There  are 
several  recently  drilled  wells  in  this  neighborhood,  and  their  use  has  been  followed 
by  a  great  decrease  in  the  number  of  cases  of  malaria. 

86.  Water  for  drinking  purposes  is  brought  from  a  spring  which  emerges  at  the  con- 
tact of  sand  and  clay. 

87.  Dug  through  sand  and  strikes  a  clay  stratum  at  13  feet. 

88.  Dug  to  a  depth  of  15  feet  6  inches,  where  it  strikes  sandstone;  contains  7  feet  of 
water  and  does  not  fail. 

89.  Dug  in  rock  to  a  depth  of  15  feet ;  contains  about  7  feet  of  water. 

40.  Well  on  the  hill  is  dug  to  a  depth  of  "about  50  feet,"  the  last  40  feet  being  in 
sandstone.  At  this  same  locality  a  shallow  rock  spring  with  insufficient  water  was 
converted  into  a  satisfactory  supply  by  drilling  10  feet  into  the  rock. 

41.  Dug  well  7  feet  deep,  the  last  4  feet  in  red  sandstone.  The  ground  water  is  seen 
to  come  from  the  northwest. 

42.  Well  at  bam  dug  to  a  depth  of  13  feet  6  inches,  in  sand  and  gravel;  yields 
hard  water.  Well  at  house,  in  the  cellar,  is  about  15  feet  deep;  passes  throu^  gravel 
to  hardpan,  where  an  abundant  supply  of  soft  water  is  procured. 

48.  Conditions  same  as  at  No.  42. 

44.  Drilled  well  in  sandstone  with  a  depth  of  **over  100  feet." 

VICINITY  OF  BRANFORD  POINT— A  COAST    REGION. 

The  region  about  Branford  Point  is  fairly  typical  of  the  coast 
resorts  along  the  Connecticut  shore.  It  includes  rocky  knolls, 
stretches  of  sand  flats  and  beaches,  and  expanses  of  marsh  land. 
The  bed  rock  of  this  area  is  gneiss,  much  broken  by  joints  and 
planes  of  parting.  The  soil  cover  is  till  and  beach  sands.  The 
insufficiency  of  supply  and  the  danger  of  contamination  by  salt 
water  have  made  it  advisable  to  conduct  water  by  pipe  line  from 
Branford  River  and  to  make  this  the  chief  supply.  Two  small 
springs  are  reported  from  this  area. 

The  following  descriptions  accompanying  the  map  (fig.  29)  give 
detailed  information  regarding  conditions  which  are  typical  of  the 
water  at  Connecticut  resorts. 

1.  Well  25  feet  deep;  contains  about  5  feet  of  water,  which  is  soft  enough  to  make 
i^ood  suds. 
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2.  Weil  has  constant  supply,  medium  in  softness.  It  is  23  feet  deep  and  con- 
tains 5  feet  of  water. 

3.  Well  24  feet  deep;  contains  about  4  feet  of  water  of  medium  softness. 

4.  Same  depth  and  character  as  No.  3. 

5.  Well  27  feet  deep;  contains  3  feet  of  water. 

6.  One  of  the  wells  at  this  place  is  situated  5  feet  from  the  edge  of  a  salt  marsh, 
but  has  never  been  known  to  become  brackish.  It  is  a  driven  well  to  a  depth  of  14 
feet  and  contains  4  feet  of  water.  The  other  well  is  sunk  through  glatnal  till,  is  22 
feet  deep,  and  derives  water  from  the  contact  of  rock  and  till. 


ViMiie 


FlouBK  29.— Map  of  vicinity  of  Branford  Point,  showing  location  of  wells. 


7.  A  permanent  well  with  water  of  medium  softness;  32  feet  deep;  contains  4  feet 
of  water. 

8.  Water  said  to  be  harder  than  in  the  other  wells  of  the  vicinity.    The  depth  of 
the  well  is  33  feet  and  the  water  stande  at  29  feet. 

9.  Well  of  hard  water,  33  feet  deep. 

10.  Dug  to  a  depth  of  25  feet;  contains  4  feet  of  hard  water. 

11.  Well  25  feet  deep;  has  4  feet  of  hard  water;  has  never  been  known  to  fail. 

12.  Well  25  feet  deep;  has  4  feet  of  water. 

18.  Although  situated  very  near  the  salt  marsh  and  the  tidal  river,  this  well  con- 
tains good  water.    It  is  26  feet  deep  and  has  3  feet  of  water.    It  has  never  failed. 
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14.  This  place  is  supplied  by  a  well  driven  5  feet  below  the  cellar  floor.     Fres^fa 
water  enters  "like  a  spring"  at  the  edge  of  the  marsh. 

15.  This  factory  is  located  mostly  on  "made  land"  recovered  from  a  salt  meadovr. 
Wells  were  brackish  and  were  accordingly  abandoned. 

16.  Well  12  feet  deep;  contains  1  foot  6  inches  of  water.    Water  became  brack isli 
and  has  been  discarded  in  favor  of  city  water. 

17.  Well  23  feet  deep;  contains  a  constant  supply  of  about  3  feet  of  hard  water. 

18.  Well  25  feet  deep;  contains  2  feet  of  hard  water. 

19.  Well  25  feet  deep;  has  3  feet  of  soft  water;  yield  r^;ular. 

20.  Well  22  feet  deep;  has  3  feet  of  hard  water. 

21.  Well  at  bam  15  feet  deep;  contains  about  4  feet  of  water.    City  water  used  at 
house. 

22.  Well  sunk  in  rock  much  broken  by  joints  which  permit  access  of  salt  water. 
28.  Well  25  feet  deep;  contains  2  feet  6  inches  of  water  which  is  little  affected  l>y 

dry  weather.    Water  is  claimed  to  be  soft  and  palatable. 

24.  Rain  water  is  used  because  wells  give  brackish  water. 

25.  Two  driven  wells  in  house,  each  24  feet  deep.    One  of  these  wells  has  yielded 
a  good  supply  of  soft  water  for  twenty  years. 

26.  On  a  narrow  neck  of  land  between  two  «ilt  marshes  and  not  over  20  feet  from 
one  of  them;  16  feet  deep;  contains  3  feet  of  hard  water. 

27.  Well  17  feet  deep;  contains  3  feet  of  water,  which  is  wholesome  but  a  little 
hard. 

28.  Well  23  feet  deep;  contains  a  constant  supply  of  hard  water. 

29.  Water  is  medium  in  softness.    Well  25  feet  deep,  with  3  feet  of  water,  and  does 
not  fail. 

80.  Well  22  feet  deep;  contains  2  feet  of  water  of  an  unsatisfactory  quality. 

81.  Well  24  feet  deep;  contains  3  feet  of  water  of  medium  softness. 

82.  Well  25  feet  deep;  contains  4  feet  of  soft,  wholesome  water. 
88.  Well  16  feet  deep,  with  5  feet  of  water  of  good  quality. 
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•      CHAPTER  VIII. 
CHARACTER  OF  GROUND  WATER  OF  CONNECTICUT. 
INTRODUCTION. 

Pure  water,  as  a  compound  of  hydrogen  and  oxygen,  is  not  known 
in  nature.  Descending  rains  take  from  the  atmosphere  considerable 
of  its  impurities  and  carry  them  to  the  ground;  carbonic  acid,  sul- 
phates and  nitrates,  especially  near  cities  where  coal  is  used  for  fuel, 
sodium  chloride  in  the  vicinity  of  the  sea,  and  atmospheric  dust  con- 
tribute to  the  rainfall.  Of  the  common  gases  rain  water  contains 
about  25  cubic  centimeters  per  cubic  meter,  consisting  of  nitrogen 
about  64  per  cent,  oxygen  34  per  cent,  and  carbonic  acid  2  per  cent. 
With  the  exception  of  chlorine,  however,  all  the  impurities  of  the  air 
may  be  disregarded  in  the  study  of  ground  water. 

After  water  enters  the  soil,  it  gathers  materials  from  rocks  and 
from  decomposing  organic  matter.  Sodium  and  potassium  are  taken 
from  rocks  containing  feldspars.  Calcium  and  magnesium  are  ex- 
tracted from  limestones  and  in  less  degree  from  rocks  of  other  type^. 
The  minerals  taken  up  by  water  in  its  subterranean  course  are  chiefly 
siUca,  iron,  aluminum,  calcium,  magnesium,  sodium,  potassium, 
chlorine,  organic  acids  of  uncertain  composition,  and  the  carbonate, 
bicarbonate,  sulphate,  and  nitrate  radicles.  Barium,  strontium, 
lithium,  and  other  elements  occur  less  commonly  in  appreciable 
quantity.  Free  carbonic  acid  gas  is  an  ordinary  ingredient  of  natural 
water,  and  oxygen,  hydrogen,  nitrogen,  hydrogen  sulphide,  and 
hydrogen  phosphide  in  solution  are  occasionally  encountered. 

As  the  value  of  water  for  any  given  purpose  is  determined  by  its 
composition,  chemical  study  of  surface  and  ground  waters  becomes  a 
matter  of  great  practical  importance.  The  composition  of  ground 
water  in  Connecticut  is  of  prime  interest,  because  only  the  larger 
cities  within  the  State  receive  their  water  supply  from  brooks  or 
lakes.  Of  the  168  towns  in  the  State  140  depend  entirely  on  wells 
and  local  springs  for  their  water  supplies,  and  it  is  estimated  that  40 
per  cent  of  the  population  obtain  water  for  domestic  purposes  from 
more  than  90,000  wells  and  springs. 
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COMPOSITION, 
DETERMINING  CHARACTERS. 

The  composition  of  the  ground  waters  within  the  State  is  deter- 
mined by  the  character  of  rock  from  which  they  are  drawn.  Shallow- 
wells  and  springs  in  glacial  drift  contain  substances  leached  from  the 
upper  soil  and  include  nominal  amounts  of  chlorine,  sulphates,  cax- 
bonates,  nitrates,  siUca,  calcium,  magnesium,  potassiimi,  and  sodium, 
with  iron  and  aluminum  in  small  amount,  and  a  relative  absence  of 
organic  matter.  The  deeper  wells  in  the  drift  contain  the  same  sub- 
stances, but  larger  amounts  of  iron  and  less  nitrates.  Waters  from 
glacial  till  and  from  rock  are  characterized  by  their  relatively  high 
content  of  calcium,  magnesium,  and  sulphates.  This  is  particularly 
true  of  water  from  sandstone  and  closely  packed  till  or  hardpan. 

HARD  AND  SOFT  WATERS. 

As  water  takes  up  chemical  compounds  during  its  percolation 
through  the  ground,  it  often  becomes  what  is  commonly  known  as 
^'hard^'  water,  the  term  indicating  its  ability  to  form  insoluble  cal- 
cium and  magnesium  soaps  when  used  for  washing  purposes.     The 
greater  proportion  of  the  mineral  constituents  dissolved  in  shaUo^v 
ground  waters  is  obtained  near  the  surface  in  what  is  known  as  the 
belt  of  weathering.     This  is  the  unsaturated  zone  between  the  ground 
surface  and  the  level  of  the  water  table.     The  mineral  constituents 
of  this  belt  are  relatively  insoluble  in  their  natural  state,  but   they 
are  continually  undergoing  oxidation,  hydration,  and   carbonation, 
which  result  in  the  formation  of  compounds  soluble  in  water.     In 
the  upper  portion  of  the  soil  there  is  a  large  amount  of  oi^anic 
matter  which  is  oxidized  through  natural  decay  to  carbonic  and 
other  acids.     These  acids,  dissolved  in  water,  attack  the  rocks  and 
increase  the  mineralization  of  the  underground  supply.     Calcium  and 
magnesium  in  equilibrium  with  the  bicarbonate  radicle  in  water 
constitute  temporary  hardness,  so-called  because  the  minerals  may 
be  removed  by  boiling  the  water.     If,  however,  the  sulphate  rather 
than  the  bicarbonate  radicle  is  present  the  water  is  said  to  be  per- 
manently hard  because  boiling  will  not  remove  the  dissolved  min- 
erals.    The  amount  of  calcium  and  magnesium  present  determine 
the  relative  hardness  of  water,  and  the  proportions  of  the  bicar- 
bonate and  sulphate  radicles  determine  its  character.     The  oxidation 
of  iron  sulphide  is  probably  a  source  of  sulphuric  acid,  which  may 
decompose  rocks  with  which  it  comes  into  contact.     Among  the 
most  common  constituents  of  crystalline  rocks  are  silicates  of  iron, 
aluminum,  calcium,  and  magnesium.     These  silicates  in  themselves 
are  practically  insoluble  in  water  at  ordinary  temperatures,  but  in 
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the  presence  of  waters  containing  carbon  dioxide  they  are  subjected 
to  chemical  changes  and  are  carried  away  in  solution. 

There  are  many  other  methods  by  which  water  obtains  mineral 
matter  in  solution,  but  those  cited  above  are  sufficient  to  illustrate 
the  processes.  It  has  been  estimated  by  Reade**  that  for  the  entire 
earth  there  is  removed  annually  in  solution  96  tons  of  material  per 
square  mile,  consisting  of  calcium  carbonate,  50  tons;  calcium  sul- 
phate, 20  tons;  sodium  chloride,  8  tons;  silica,  7  tons;  alkaline  car- 
bonates and  sulphates,  6  tons;  magnesium  carbonate,  4  tons;  oxide 
of  iron,  1  ton. 

MATERIAL  TAKEN  INTO  SOLUTION. 

Although  there  are  many  factors  determining  the  character  and 
the  amount  of  the  materials  taken  into  solution  by  undei^ound 
water,  only  two  need  be  considered  in  this  discussion.  They  are 
the  character  of  the  material  traversed  by  the  water,  and  the  dis- 
tance which  the  water  has  traveled  underground.  The  waters  of  the 
glacial  drift  exhibit  great  variability  of  composition  and  are  almost 
equally  divided  between  hard  and  soft  waters.  In  general  the  waters 
from  the  finely  divided  clay  till  are  hard  and  those  from  the  sand 
and  gravel  deposits  are  soft,  owing  to  the  character  of  the  material. 
The  sand  and  gravel  deposits  are  composed  largely  of  coarse  grains 
of  quartzose  materials,  which  are  dissolved  with  great  difficulty  by 
water,  but  the  till  is  made  up  in  part  of  masses  of  j&nely  divided 
heterogeneous  material  which  not  only  offer  a  more  varied  assort- 
ment to  be  acted  on  by  waters  but  also  give  greater  opportunity  for 
solution  owing  to  their  j&neness  of  grain.  The  deep- well  waters  of 
the  sandstone  are  much  harder  than  those  of  the  crystalline  rocks. 
In  the  latter  the  crevices  afford  the  only  passage  for  the  water,  and 
consequently  the  solvent  action  of  the  water  is  largely  confined  to 
the  immediate  walls  of  the  crevices.  In  sandstone,  however,  the 
water  traverses  the  entire  rock,  passing  not  only  through  the  seams 
but  also  through  the  small  pores  between  the  grains,  and  thus  has 
a  vastly  greater  surface  for  action.  Many  of  the  sandstones  of  Con- 
necticut are  arkoses  containing  as  great  variety  of  mineral  constitu- 
ents as  the  original  crystalline  rocks. 

In  regard  to  the  distance  that  the  water  travels,  it  is  manifest 
that  the  longer  and  the  slower  the  passage  the  greater  opportunity 
there  will  be  for  solution.  Increase  of  heat  and  pressure  increases 
the  solvent  power  of  water;  the  waters  which  have  penetrated  deeply 
and  have  been  subjected  to  great  heat  and  pressure  often  have  a 
lai^er  proportion  of  dissolved  minerals  than  those  at  shallow  depths. 

a  Reade,  T.  Mellard,  Chemical  denudation  in  relation  to  geological  time. 
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Analyses  of  waters  from  13  wells  in  crystalline  rock  give  an  average 
of  132  parts  per  million  of  total  solids.  Analyses  of  18  well  waters 
derived  from  Triassic  sandstone  areas  average  655  parts  per  million 
of  solid  matter.  Exclusive  of  three  well  waters  that  contain  over 
1,000  parts  of  solid  matter,  the  average  for  15  well  waters  from  sand- 
stone is  377  parts  per  million.  Five  well  waters  from  glacial  drift 
average  263  parts  of  mineral  matter.  The  analyses  of  25  spring 
waters  give  an  average  of  73.5  parts  of  total  sohds.  It  is  impossible 
to  state  from  the  available  data  whether  springs  from  one  source  con- 
tain more  mineral  matter  than  those  from  a  different  source.  The 
information  at  hand  gives  no  indication  of  any  definite  increase  of 
mineral  matter  with  increase  in  depth  of  the  well,  and  though  there 
might  be  such  increase  in  very  deep  wells,  it  seems  that  within  the 
ordinary  limits  of  well  depth  in  Connecticut — between  100  and  500 
feet — the  relation  of  mineral  content  to  depth  has  no  practical 
bearing. 

NORMAIi  DISTRIBUTION  OF  CHLORINE. 

Chlorine,  which  is  a  constituent  of  common  salt,  is  present  in  all 
natural  waters  and  comes  from  salt  deposits  within  the  earth  or  from 
salt-laden  spray  from  the  ocean.  In  Connecticut  there  are  no  de- 
posits of  salt  or  other  chlorine  compoimds  from  which  waters  might 
derive  appreciable  amounts  of  chlorine,  but  this  substance  is  present 
in  them  in  considerable  quantity  and  the  proportion  of  it  in  ground 
water  decreases  regularly  with  increase  of  distance  from  the  coast. 
The  obvious  inference  is  that  the  natural  waters  obtain  their  chlorine 
from  the  minute  particles  of  sea  water  that  are  blown  inland  by  the 
winds.  The  amount  of  chlorine  in  normal  waters  of  Connecticut 
has  been  determined  for  different  parts  of  the  State,"  and  a  map  pre- 
pared under  the  direction  of  Prof.  H.  E.  Smith,  of  the  Yale  Medical 
School,  indicates  the  normal  distribution  of  chlorine  by  means  of 
isochlors  or  lines  defining  the  areas  within  which  the  waters  in  their 
natural  state  contain  certain  definite  amounts  of  chlorine.  (See 
PL  V.)  The  value  of  knowledge  regarding  the  normal  distribution  of 
chlorine  is  that  it  affords  a  ready  basis  for  testing  the  purity  of  both 
surface  and  subterranean  waters.  Salt  is  present  in  all  animal 
dejecta  and  eventually  finds  its  way  to  the  water  courses,  both  above 
and  below  ground;  consequently  if  a  water  contains  more  chlorine 
than  the  normal  amount  for  the  area  in  which  it  occurs,  the  presence 
of  sewage  or  other  contaminating  matter  may  be  suspected.  Excess 
chlorine  in  wells  immediately  adjacent  to  salt  water  is  not  necessarily 
an  indication  of  sewage  contamination,  but  usually  of  the  admixture 
of  sea  water. 

a  Kept.  Connecticut  State  Board  of  Health  for  1902,  pp.  227-242. 
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USES  OP  WATER. 
WATER  FOR  DOMESTIC  PURPOSES. 

The  uses  to  which  underground  water  is  ordinarily  put  in  Con- 
necticut are  relatively  few  in  number.  Owing  to  the  ease  with  which 
large  amounts  of  soft  water  are  obtained,  city  supplies  are  usually 
taken  from  ponded  reservoirs  fed  by  surface  drainage  and  by  springs. 
For  private  residences  and  manufactories  outside  of  cities,  however, 
wells  constitute  the  chief  source  of  water  supply  for  general  purposes, 
and  even  in  cities  some  manufacturing  concerns  find  it  expedient 
to  use  well  water. 

The  three  main  purposes  for  which  well  and  spring  waters  are  used 
are  for  domestic  supply,  as  in  cooking,  drinking,  and  washing,  for 
boilers,  and  for  coolers.  A  reasonably  soft  water  is  desirable  for  all 
these  purposes  and  is  particularly  necessary  in  the  case  of  boiler 
water,  because  hard  waters  form  a  scale  in  boilers,  causing  a  heavy 
expense  for  additional  fuel,  cleaning  of  flues,  extra  firings,  and  boiler 
repairs.  Soft  water  is  preferable  for  general  domestic  use,  though  it 
is  not  so  palatable  as  hard  water.  In  breweries,  distilleries,  and 
other  manufacturing  establishments  where  a  supply  of  cool  water 
effects  a  great  saving  in  artificial  refrigeration,  well  waters  are 
economical. 

WATER  FOR  BOILERS. 

Most  of  the  large  manufacturing  establishments  in  Connecticut 
are  on  the  banks  of  the  more  important  streams,  where  abundant 
water  for  boilers  may  ordinarily  be  obtained  from  the  heavy  sand 
and  gravel  deposits  that  fill  the  major  valleys.  Such  supplies  are 
reasonably  soft  and  cold  and  are  satisfactory  for  cooling  and  boiler 
purposes,  although  frequently  unsafe  for  drinking  owing  to  surface 
contamination.  Wells  penetrating  a  considerable  distance  into 
the  rock  are  preferable  as  sources  of  drinking  water.  Water  from 
wells  in  the  crystalline  areas  is  usually  soft  enough  for  boiler  use,  but 
that  in  the  sandstone  areas  is  hkely  to  be  hard  and  is  frequently  dis- 
astrous to  boilers.  A  study  of  Connecticut  waters  with  regard  to  their 
availabihty  for  steaming  purposes  has  been  made  by  George  H. 
Seyms,  chemist  of  the  Hartford  Steam  Boiler  Inspection  and  Insur- 
ance Company,  who  has  kindly  allowed  free  use  of  his  valuable  data. 
Mr.  Seyms  has  classified  Connecticut  waters  in  regard  to  their  use  in 
boilers,  taking  into  account  the  average  proportion  of  the  different 
constituents  in  the  normal  waters  of  the  State  and  assuming  that 
one-half  of  the  total  soUds  is  incrusting  matter.  Water  containing 
less  than  250  parts  per  million  of  soUd  matter  is  pronounced  good. 
Water  containing  between  250  and  500  parts  of  solid  matter  is  fair 
for  boiler  use,  but  if  the  amount  exceeds  500  parts  the  water  is  unfit 


Digitized  by  VjOOQIC 


170  UNDERGROUND  WATER  RESOURCES  OF  CONNECTICUT. 

for  general  boiler  purposes.  In  making  this  estimate  the  fact  has 
been  taken  into  account  that  in  most  parts  of  the  State  supplies  of 
soft  surface  waters  may  be  obtained  at  reasonable  rates.  Increased 
hardness  means  increased  cost  of  maintenance  and  where  hard 
waters  are  used  for  boilers,  as  in  the  Western  States,  it  is  only  because 
suppUes  of  soft  water  are  not  available.  The  water  supplies  of  Con- 
necticut are  recommended  by  Mr.  Seyms  for  boiler  purposes  in  the 
following  order:  (1)  River  waters  (where  uncontaminated  by  fac- 
tory wastes);  (2)  ponded  reservoirs;  (3)  small  streams  (as  compared 
with  rivers);  (4)  springs  and  shallow  wells  30  to  50  feet  deep;  (5)  deep 
wells.  Wells  in  sandstone  are  less  suitable  as  a  source  of  water  for 
boiler  use  than  those  in  crystalline  rocks. 

CONTAMINATION. 

INTRODUCTION. 

That  the  ground  water  of  Connecticut  is  liable  to  contamination 
and  needs  careful  and  frequent  examination  is  well  shown  by  the 
analyses  of  tainted  waters  made  by  the  state  board  of  health  and  by 
the  typhoid  epidemics  which  have  occurred  within  the  State.  In 
1893  the  health  officers  of  119  towns  reported  on  the  condition  of 
water  supply,^  and  pronounced  the  water  of  only  82  towns  unquali- 
fiedly good.  In  1898  analyses  were  made  of  water  from  247  wells  on 
the  premises  of  public  schools  in  the  State;  only  half  of  them  were 
free  from  suspicion  of  dangerous  contamination  and  many  were 
highly  polluted.  **  In  1899  only  three  out  of  14  suspected  wells  ex- 
amined were  declared  safe.*'  In  1902  the  water  suppUes  of  101  hotels 
and  restaurants  and  summer  resorts  were  inspected,  and  only  20  out 
of  33  samples  taken  from  springs,  wells,  and  cisterns  were  considered 
safe.** 

Sixty  cases  of  typhoid,  probably  caused  by  water  from  a  well  25 
feet  from  a  house,  occurred  in  1882  at  Portland.*  The  drainage 
from  a  vault  entering  the  quicksand  caused  typhoid  at  Guilford 
during  the  same  year./  Water  from  a  well  in  Middletown  gave 
typhoid  to  an  entire  family  in  1884.^  The  analyses  of  water  from 
three  wells  at  Madison  in  1885  revealed  the  source  of  pollution  which 
caused  14  cases  of  fever.*  Contaminated  water  at  Money  Island 
caused  21  cases  of  typhoid  in  1891.'  The  epidemic  at  Stafford  in  1894 
was  traced  to  a  polluted  well.^  The  great  epidemic  at  Stamford  in 
1895,  in  which  3S6  people  were  afflicted,  was  caused  by  milk  delivered 
in  cans  which  had  been  washed  in  well  water  infected  by  drainage 
from  vaults.* 

a  Ann.  Rept.  Connecticut  State  Board  of  d  Idem,  1902,  pp.  223-226.  *  Idem,  1885,  pp.  342-344. 

Health,  1893,  p.  110.  «Idem,  1882,  p.  140.  <  Idem,  1891,  pp.  206-213. 

b  Idem,  1898,  pp.  279,  280.  /  Idem,  1882,  p.  144.  J  Idem,  1894,  pp.  232-238. 

c  Idem,  1899,  p.  21.  0  Idem,  1884,  pp.  79-81.  k  Idem,  1895,  p.  161. 
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Typhoid  at  Easton  in  1895  was  traced  to  a  well  adjoining  a  pig  pen.*" 
Thirty  cases  of  typhoid  in  Glastonbury  in  1895  were  caused  by  a  con- 
taminated well  at  Hopewell.**  An  investigation  of  the  typhoid  at 
Ridgefield  in  1901  showed  that  the  entire  ground  water  of  an  area 
covering  several  blocks  had  been  contaminated  by  sewage.*^  The 
t^rphoid  epidemic,  84  cases  in  all,  at  Bristol  in  1903  was  due  to 
infected  water  from  a  farm  well  and  spring.**  Several  less  conspicu- 
ous occurrences  of  typhoid  are  likewise  directly  traceable  to  contami- 
nated ground  water. 

'*It  is  now  universally  recognized  that  the  degree  of  prevalence  of 
typhoid  fever  in  a  given  community  is  a  reUable  measure  of  the 
extent  to  which  sewage  is  an  ingredient  in  its  drinking  water.  The 
prevalence  of  typhoid  in  cities  is  a  true  index  of  the  quality  of  the  water 
supplies.^'* 

The  annual  death  rate  from  typhoid  in  Connecticut  has  been 
steadily  decreasing,  and  this  satisfactory  record  is  due  largely  to  the 
increased  attention  paid  to  the  character  of  water  supplies. 

CONTAMINATION  BY  SEWAGE. 

Sewage  is  the  most  widespread  source  of  contamination  of  water 
in  springs  and  wells.  Drainage  from  vaults,  cesspools,  broken  sew- 
ers, slops  thrown  on  the  ground,  pig  pens,  and  other  sources  of  filth 
passes  readily  into  the  ground  water  and  is  the  common  vehicle  for 
substances  dangerous  to  health. 

LOCATION   OP   WELLS. 

The  location  of  a  well  is  the  most  important  consideration  in 
obtaining  pure  water.  The  well  should  be  placed  at  a  considerable 
distance  from  any  known  source  of  contamination,  on  ground  of 
relatively  high  elevation,  and  should  be  surrounded  by  an  open,  clear 
space,  preferably  grass  covered.  The  direction  of  the  flow  of  ground 
water  for  the  area  should  be  determined,  if  possible.  Many  wells  in 
Connecticut  are  located  in  utter  disregard  of  the  simplest  principles 
governing  the  movement  of  underground  water.  Instances  might  be 
cited  where  cesspools  and  other  waste  reservoirs  are  within  25  feet  of 
wells  used  for  domestic  supply.  For  some  wells  the  worst  possible 
locations  seem  to  have  been  selected.  The  writer  has  noted  between 
40  and  50  wells  located  on  slopes  below  cesspools,  in  such  manner 
that  the  contaminated  waters,  either  in  drift  or  in  rock,  are  carried 
with  certainty  into  the  wells.  It  is  not  the  depth  but  the  location  of 
a  well  which  usually  determines  its  purity,  and  a  20-foot  well  located 
with  care  may  be  much  safer  than  a  100-foot  well  sunk  without 

a  Ann.  Rept.  Connecticut  State  Board  of  Health,  1895,  p.  90.  d  Idem,  1903,  p.  88. 

b  Idem,  1885,  p.  99.  « Ideni,  18W,  p.  21 . 

ddem,  1901,  pp.  30i-3a5. 
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regard  to  surrounding  conditions.  A  good  illustration  of  this  is  the 
well  on  the  New  Haven  Green,  a  shallow  well  in  the  heart  of  the 
largest  city  of  Connecticut.  The  quality  of  the  water  is  good,  because 
the  surface  about  it  is  protected  on  the  south  and  east  by  pavements 
and  because  its  water  is  received  from  the  Green,  a  grass  plot  16 
acres  in  extent,  kept  clean  by  the  city  authorities. 

There  is  a  general  impression  that  soil  will  filter  the  impurities  from 
water  within  a  few  feet  of  its  source  and  that  contamination  of  wells 
is  due  chiefly  to  material  falling  in  at  the  top.  No  more  dangerous 
error  could  be  propagated.  The  purifying  power  of  a  soil  is  Umited 
and  it  may  easily  be  overburdened.  In  fact,  the  value  of  any  soil 
filtration  is  uncertain,  and  it  is  impossible  to  state  that  water  will  be 
purified  by  passing  through  any  amount  of  soil.  The  uncertainty  is 
greatly  increased  by  the  existence  of  more  or  less  open  channels, 
which  offer  rapid  passage  to  underground  water  with  Uttle  filtration. 

DEPTH   AND   CONSTRUCTION   OF   WELLS. 

Shallow  wells  are  much  more  likely  to  become  contaminated  than 
deep  wells,  and  as  probably  80  per  cent  of  all  wells  within  the  State  are 
less  than  25  feet  in  depth,  the  importance  of  care  in  their  maintenance 
is  evident.  There  is  in  Coimecticut,  particularly  in  the  rural  districts, 
a  strong  prejudice  in  favor  of  the  shallow,  open  well  and  a  beUef  that 
clear,  sparkling,  palatable  water  is  sure  to  be  pure.  The  danger  in 
these  beliefs  is  very  real,  for  certain  parts  of  sewage  tend  to  give 
water  a  sparkle  which  is  highly  appreciated  by  those  unacquainted 
with  its  character.  Drilled  or  bored  wells  have  many  advantages 
over  shallow  dug  wells.  There  is  less  chance  for  foreign  substances 
to  drop  into  the  well,  and  it  is  possible  to  shut  off  all  surface  aad 
seepage  water.  The  **old  oaken  bucket"  has  sentunental  advan- 
tages, but  iron  pipes  and  creaking  windmills  are  much  better  sym- 
bols of  the  purity  of  drinking  water. 

CONTAMINATION    IN    DIFFERENT   ROCK  TYPES. 

Contamination  of  water  in  shallow  drift  wells  has  been  the  cause 
of  many  typhoid  epidemics  in  Connecticut,  as  at  Bristol,  Easton, 
Glastonbury,  Guilford,  Madison,  Middletown,  Portland,  Ridgefield, 
Stamford,  and  Stafford.  The  water  supply  at  Camp  Coffin  was  found 
to  be  contaminated  in  1896  by  water  that  collected  in  a  pool  used  for 
washing  clothes  and  reached  the  well  by  sinking  through  a  consider- 
able depth  of  sand  and  gravel.  In  1903  the  Chamber  of  Commerce 
of  New  Haven  made  an  investigation  of  the  local  water  supply,  which 
led  to  the  recommendation  that  all  wells  within  the  city  should  be 
abandoned  as  sources  of  water  for  domestic  uses.  The  wells  examined 
are  mostly  in  till  or  stratified  drift,  range  in  depth  from  20  to  220  feet, 
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and  are  located  in  all  sections  of  the  city.  Six  samples  were  taken 
from  wells  20  to  30  feet  deep,  eight  from  wells  30  to  50  feet  deep, 
five  from  wells  50  to  100  feet  deep,  and  nine  from  wells  over  100  feet 
deep.  The  committee  reported  that,  with  the  exception  of  a  few 
samples  from  the  outskirts  of  the  city,  all  showed  evidence  of  a  past 
contamination  in  a  more  or  less  marked  degree.  In  Hartford, 
Waterbury,  and  other  cities  analyses  of  water  derived  from  sand  and 
gravel  deposits  conmionly  indicate  considerable  sewage  contamina- 
tion, although  the  water  is  obtained  at  points  30  to  50  feet  below  the 
surface.  In  fact,  it  is  doubtful  if  any  well  is  safe  in  a  thickly  settled 
community. 

Spring  water  may  likewise  become  contaminated  by  sewage-laden 
ground  water,  as  illustrated  at  Forest ville  and  South  Norwalk  during 
the  typhoid  epidemics  of  1900.** 

Though  drilled  wells  are  much  less  subject  to  sewage  and  drainage 
contamination  than  shallow-dug  wells  of  large  diameter,  equal  care 
should  be  taken  in  their  location.  A  number  of  deep  wells  have  been 
drilled  in  the  low  central  portion  of  Hartford,  and  many  of  them  show 
heavy  contamination  in  waters  supposed  to  be  derived  more  than  200 
feet  below  the  surface.  This  is  a  portion  of  the  city  which  received 
for  years  a  large  amount  of  drainage,  so  that  whatever  water  enters 
the  rock  through  the  soil  carries  with  it  considerable  contaminating 
material.  Some  of  this  water  finds  a  ready  passage  through  more  or 
less  open  joints  and  enters  the  wells.  The  contamination  of  many 
such  wells  results  from  imperfect  casing  and  the  consequent  entrance 
of  water  from  the  surface.  There  is  little  doubt  that  in  certain  wells 
unperfect  joints  allow  shallow  waters  to  enter  the  well  at  the  contact 
of  the  rock  and  the  drift.  Such  poor  construction  may  be  due  to 
carelessness,  or  to  intention,  owing  to  the  desire  of  the  driller  to 
obtain  a  suflBcient  supply  of  water.  The  entrance  of  any  water  at  the 
junction  of  the  casing  and  the  rock  may  be  detected  if  a  mirror  is 
used  to  reflect  light  iuto  the  well. 

That  contaminated  water  may  circulate  through  considerable  dis- 
tances of  sandstone  is  shown  by  the  experience  of  Hartford,  already 
described.  At  the  Wallingford  Sanitarium  a  well  was  contaminated 
by  gasoline  which  flowed  through  the  bedding  planes  of  rock  for  a  dis- 
tance of  225  feet  at  a  depth  of  8  feet  below  the  surface.  Many  simi- 
lar cases  might  be  cited. 

Even  wells  sunk  in  granite  and  other  crystalline  rock  are  not  free 
from  contamination  by  circulating  water.  The  typhoid  epidemic  at 
Sachem  Head  was  caused  by  drinking  water  from  a  well  blasted  in 
rock  to  a  depth  of  16  feet.  It  was  shown  that  the  contaminated 
water  passed  through  joints  for  a  distance  of  6  feet.    At  Millstone 

a  Ann.  Rept.  Connecticut  State  Board  of  Health,  1900,  pp.  274-285,  286-289. 
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Point  brackish  water  was  seen  to  be  supplied  from  a  rock  seam  at  & 
distance  of  150  feet.  Part  of  the  ground  water  of  FLshers  Island  i> 
known  to  come  through  crystalline  rock  from  the  Connecticut  main- 
land, 3  to  4  miles  distant. 

CONTAMINATION  BY  SEA  WATER. 

The  Connecticut  wells  which  have  been  contaminated  by  sea  i«rater 
are  within  200  or  300  feet  of  open  salt  water,  on  old  salt  marshy. 
along  tidal  streams,  or  on  islands.  They  are  practically  all  in  rock 
where  the  surface  water  has  presumably  been  entirely  cased  off. 
The  surface  water,  however,  is  usually  fresher  than  that  derived  from 
the  rock  itself.  In  a  well  drilled  for  the  Norwalk  Iron  Works  Com- 
pany, Norwalk,  at  an  elevation  10  feet  above  sea  level,  fresh  water 
was  found  in  sand  and  gravel  deposits  at  a  depth  of  60  feet,  but  salt 
water  only  was  obtained  at  lower  levels  in  the  rock.  The  well  was 
accordingly  plugged  at  a  depth  of  60  feet  and  the  rock  water  excluded. 
At  many  points  along  the  coast  pipes  have  been  driven  in  deposits 
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Figure  30. — Diagnun  illustrating  the  maDDcr  In  which  a  well  near  the  sea  may  be  contaminated  bj  »tt 
water  during  the  dry  season.    A,  normal  water  table;   B,  depressed  water  table. 

of  sand  and  gravel  near  the  shore  and  abundant  supplies  of  fre^ 
water  have  been  obtained.  These  wells  may,  however,  receive  incre- 
ments of  salt  water  when  the  water  table  is  brought  below  sea  level, 
either  by  pumping  or  by  dry  seasons.  In  deep-driven  wells  near  the 
shore  which  derive  their  supplies  from  the  bottom  of  closed  tubes, 
the  head  of  fresh  water  is  almost  without  exception  sufficient  to  pre- 
vent the  inflow  of  brine.  In  New  Haven  a  series  of  wells  have  been 
driven  through  6  feet  of  salt  water  into  the  sand  deposits  below  and 
have  obtained  good  suppUes  of  fresh  water. 

In  welLs  deriving  water  from  rock  in  which  the  supply  necessarily 
comes  through  fractures  it  is  possible  that  the  fractures  may  have 
such  position  as  to  give  more  ready  access  to  sea  water  than  to  fresh 
underground  waters.  The  possibility  of  contamination  by  this 
process  increases  rapidly  with  nearness  to  the  sea,  especially  if  the 
rock  outcrops  beyond  the  shore  line.  Figure  30  represents  the 
direction  of  circulation  of  water  contributing  to  such  well,  the  ground 
water  above  the  rock  being  entirely  cased  off. 
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RELATIVE  VALUE  OF  WATER  SUPPLIES. 

Experience  has  shown  that  water  m  Connecticut  is  to  be  recom- 
mended for  domestic  use  in  the  following  order:  (1)  Surface  sup- 
plies, preferably  from  lakes  that  are  constantly  under  supervision  and 
s\ibjected  to  frequent  inspections  and  examinations;  (2)' deep  wells 
so  located  that  the  surface  area  contributing  to  them  is  known  to  be 
free  from  contamination;  (3)  springs,  especially  deep-seated  ones, 
like  those  along  fault  lines  known  to  derive  their  water  from  regions 
not  subject  to  contamination;  (4)  shallow  wells  and  intermittent 
springs;  (5)  lakes  and  streams  whose  character  has  not  been  carefully 
determined. 

ANALYSES. 

In  the  following  tables  of  analytical  results  the  data  are  given  in 
ionic  form,  in  parts  per  million,  having  been  recomputed,  if  not 
originally  expressed  in  that  manner.     The  column  headings  are  in 
general  self-explanatory.     ** Total  solids"    indicates   the   total   dis- 
solved matter  found  by  evaporating  a  measured  quantity  of  water 
and  weighing  the  dried  residue.     ''Organic  and  volatile  matter''  rep- 
resents the  difference  in  weight  between  the  dried  solids  and  the  solids 
after  being  ignited  at  low  red  heat;  the  figure  serves  as  a  rough  meas- 
ure of  the  organic  matter,  though  it  also  represents  loss  of  water  of 
crystallization,  volatilization  of  some  inorganic  constituents,  and 
other  factors.     The  term   ''total  hardness"    is  given   to   a  figure 
foiind  by  adding  standard  soap  solution  to  a  measured  amount  of 
water  till  the  mixture  forms  a  good  lather  when  shaken  vigorously; 
the  equivalent  of  the  quantity  of  soap   consumed   is  usually  ex- 
pressed as  calcium  carbonate  (CaCO,).     The  "permanent  hardness" 
is  found  by  adding  soap  solution  to  water  that  has  been  boiled  and 
filtered ;  it  represents  the  hardness  due  to  calcium  and  magnesium 
in  equilibrium  with  acids  other  than  carbonic  acid.     The  "  temporary 
hardness"  is  estimated  either  by  subtracting  the  permanent  from  the 
total  hardness  or  by  titrating  the  water  with  normal  acid. 
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CHAPTER  IX. 

WELL  CONSTRUCTION  IN  CONNECTICUT. 

DUG  WELLS. 

The  common  type  of  well  in  Connecticut  is  naturally  the  most 
primitive  type — an  excavation  in  the  ground  to  a  depth  below  the 
level  of  ground  water,  the  interior  being  lined  with  brick  or  stones. 
These  wells  are  usually  dug  in  clay,  sand,  and  glacial  drift,  but  a  few, 
where  the  surface  material  is  shallow,  are  blasted  into  the  underlying 
rock.  Some  weljs  are  dug  into  rock  and  water  is  obtained  from 
crevices,  but  in  general  the  rock  excavation  serves  merely  as  a  reser- 
voir for  water  draining  from  the  drift.  Such  wells  are  usually  2  to  4 
feet  in  diameter  inside  the  stone  casing  and  from  10  to  50  feet  in  depth. 

Very  few  dug  wells  are  properly  constructed  in  Connecticut  and 
many  are  extremely  old,  it  being  not  unusual  to  find  wells  sunk  more 
than  a  hundred  years  ago.  The  ordinary  stone  casing  is  very  inef- 
ficient as  a  protection  against  the  entrance  of  surface  water,  the 
openings  between  the  stones  being  in  many  wells  large  enough  to 
permit  the  passage  of  rats  and  other  small  animals.  Brickwork  is 
used  as  a  lining  in  some  of  these  wells,  but  probably  the  safest  method 
of  protecting  such  a  well  against  ccmtamination  is  by  tiling. 

Too  much  care  can  not  be  taken  in  the  location  and  protection  of 
open,  shallow  wells.  A  well  of  the  open  type  containing  clear, 
sparkling  water  h^s  been  considered  one  of  the  most  valuable  posses- 
sions of  home.  Such  wells  are,  however,  peculiarly  liable  to  dan- 
gerous contamination.  Many  of  them  are  located  on  low  ground, 
because  water  may  be  procured  there  at  less  expense,  and  some  are 
walled  up  with  poorly  cemented  stone  and  either  open  or  covered 
only  with  loose  boards.  The  tops  of  many  of  these  wells  are  but  a 
few  inches  above  the  level  of  the  ground  and  may  readily  serve  as 
resting  places  for  impurities  carried  by  wind  or  on  the  feet  of  animals 
and  men.^  The  advantages*  of  the  small  drilled  or  bored  well,  as 
compared  with  a  dug  well,  are  the  decreased  probability  of  the 
entrance  of  impurities  at  the  time  the  well  is  put  down,  less  oppor- 
tunity for  rats,  frogs,  and  other  animals  to  enter  the  well,  and  the 
ease  of  shutting  out  surface  and  seepage  waters.  It  can  not  be  too 
plainly  stated  that  open  wells  are  dangerous  to  health. 

a  See  a  discussion  of  this  subject  by  Crider.  A.  F.,  and  Johnson,  L.  C,  Water-Supply  Paper  U.  S.  Geol. 
Survey  No.  i:>9,  1900,  pp.  74-75. 
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As  dug  wells  usually  reach  but  a  few  feet  below  the  level  of  ground 
water,  any  fluctuations  of  the  water  table  materially  affect  the 
yield  of  the  wells.  In  dry  seasons  the  water  table  may  sink  below 
the  bottom  of  the  well,  with  a  consequent  total  loss  of  supply.  This 
loss  of  supply,  owing  to  drought,  is  more  noticeable  in  wells  located  on 
Kills  than  in  those  along  stream  channels. 

Dug  wells  are  of  value  in  rural  communities,  but  in  cities  and 
tHickly  populated  areas  they  are  extremely  unsafe  because  of  the 
general  contamination  of  the  soil  and  the  impracticability  of  keeping 
out  surface  water. 

The  average  cost  of  a  well  of  this  type,  as  ordinarily  constructed 
in  Connecticut,  is  about  one-fourth  to  one-half  that  of  the  average 
drilled  well,  but  when  it  is  carefully  constructed  and  cased  so  as  to 
admit  water  only  at  the  bottom,  the  cost  is  not  far  from  that  of  a 
well  constructed  on  more  sanitary  principles. 

DRIVEN  WELLS. 

For  wells  in  sand  and  gravel  a  method  of  well  construction  is 
recommended  which,  although  commonly  used  throughout  the  United 
States,  is  little  appreciated  in  Connecticut.  This  is  the  driven  well, 
consisting  essentially  of  a  pipe,  usually  1  to  2  inches  in  diameter, 
driven  into  the  ground  by  means  of  a  heavy  weight.  These  pipes 
are  i>erforated  near  the  base  either  by  boring  round  holes  or  by  cut- 
ting straight  slits  with  beveled  inside  edges.  In  some  wells  the  per- 
forated pipe  is  fitted  with  a  jointed  conical  tip;  in  others  a  hollow 
open  tube  is  fitted  with  a  perforated  section  of  some  noncorrosive  ma- 
terial and  a  sharp  steel  shoe,  so  that  it  can  be  driven'  directly  into 
the  ground.  The  contents  of  the  tube  are  then  washed  out  by  water. 
As  the  water  can  enter  the  well  only  through  the  perforations,  the 
position  of  the  base  of  the  pipe  determines  definitely  the  depth  at 
which  the  water  enters  a  well  of  this  type,  thus  differing  radically 
from  a  dug  well,  in  which  more  or  less  water  enters  from  top  to  bot- 
tom. Such  wells  are  usually  put  down  in  a  connected  series  known 
as  '^gangs,'^  all  connected  with  a  central  pipe  or  main  through  which 
the  water  is  pumped.  In  very  favorable  localities  large  supplies  may 
be  obtained  in  this  way  at  relatively  small  expense.  There  are  sev- 
eral such  gangs  in  New  Haven;  one  of  34  wells  at  the  Yale  gymnasium 
which  supplies  the  swinuning  pool  with  150  gallons  a  minute  was 
driven  at  a  cost  of  $600.  Another  gang  of  wells  furnishes  the  Yale 
dining  hall  with  water  for  cooling,  and  40  such  wells,  each  with  a 
diameter  of  2  inches,  are  used  by  the  Hygienic  Ice  Company. 

Wells  of  this  type  can  be  driven  only  into  unconsolidated  material, 
where  the  water  horizon  is  in  sand  or  gravel.  Many  places  in  Con- 
necticut are  favorably  situated  for  obtaining  water  from  driven  wells. 
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particularly  those  towns  along  the  mam  river  valleys  and  neail 
coast  where  the  sand  deposits  are  heavy.  The  average  cost  of « 
wells  is  70  cents  a  foot  and  the  yield  and  character  of  the  water  i 
tainable  at  any  place  may  be  readily  and  cheaply  ascertained 
means  of  a  single  test  well  costing  not  more  than  $20  or  $25. 

The  quality  of  the  water  obtained  from  driven  wells  is  larg 
determined  by  their  location  in  reference  to  possibility  of  sem 
contamination.  Although  derived  from  greater  depths  the  w« 
from  driven  wells  of  moderate  depth  is  not  necessarily  better  tH 
that  from  dug  wells  situated  in  the  same  contaminated  district 
the  flow  of  ground  water  through  sand  and  gravel  is  more  rapid  li 
through  till,  in  which  the  dug  wells  are  commonly  constructed, 
thickly  settled  communities  the  water  of  driven  wells  often  she 
contamination.  There  are  many  localities  where  unpolluted  viJ 
may  be  obtained  by  driven  wells  and  this  method  of  constructit»J 
advised  for  the  Connecticut  Valley  lowlands,  where  larger  yid 
and  softer  quality  may  generally  be  obtained  from  drift  than  fn 
the  underlying  sandstone. 

DRILIiED  WEIiIiS. 

Of  the  various  methods  of  obtaining  suppUes  of  undei^« 
water,  drilled  wells  should  probably  rank  first  in  importance.  J 
though  the  most  expensive,  they  are  most  free  from  conttiminati 
and  yield  the  most  constant  supplies. 

As  the  process  of  drilling  wells  is  not  generally  familiar,  it  5«j 
advisable  to  present  a  brief  statement  of  the  methods  emplove^i 
Connecticut.  The  two  main  methods  of  well  drilling  are  known 
chum  drilling  and  rotary  or  core  drilling,  the  former  being  far  | 
more  common.  A  chum-drilling  rig  includes  a  movable  boiler  i 
engine  mounted  on  a  frame  which  is  ordinarily  drawn  by  horses  or 
traction.  Attached  to  the  front  of  this  rig  is  a  collapsible  dern 
which  acts  as  a  support  for  the  rope  and  tools  used  in  the  dnlli 
operation.  The  drilling  tools  consist  of  a  heavy  steel  bit,  with  <•« 
devices,  such  as  jars  and  sinkers,  which  serve  to  prevent  we*lp 
of  the  bit,  to  add  weight  to  the  blow,  etc.  The  bit  is  support^ 
the  rope,  and  by  means  of  a  walking  beam  or  other  device  is  lift 
and  allowed  to  drop  suddenly  20  to  30  inches,  giving  a  successi«»D 
blows  at  the  rate  of  25  to  40  a  minute.  The  sharp  edge  of  the  he* 
bit  breaks  and  crumbles  the  rock  where  it  strikes,  and  by  continm 
twisting  the  supporting  rope  the  bit  is  made  to  strike  a  new  ^} 
each  time.  The  result  is  a  round  and  even  hole  with  a  dianH 
slightly  greater  than  the  width  of  the  bit.  The  diameter  of  the  <a 
hole  is  usually  6  inches,  although  8-inch  wells  are  not  uncommoc- 

Owing  to  the  presence  of  glacial  drift,  a  layer  of  sand  or  gravfl 
till  is  usually  traversed  before  the  drill  strikes  rock.     The  unconsi 
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dated  material  carries  more  or  less  '* surface  water/*  which  it  is  desir- 
able to  exclude.  To  accompUsh  this  purpose,  the  careful  driller 
inserts  a  casing,  consisting  of  heavy  iron  pipe  ^vith  water-tight  joints. 
The  iron  casing  should  extend  from  the  surface  to  bed  rock,  and  it  is 
particularly  important  that  a  tight  joint  be  made  where  the  casing 
meets  the  rock.  This  junction  should  always  be  examined  by  means 
of  reflected  light  from  a  mirror  to  detect  the  presence  of  any  surface 
water.  Water  is  kept  in  the  hole  during  driUing  operations,  and  after 
every  few  feet  of  progress  the  tools  are  removed  and  the  well  cleaned 
out  by  means  of  a  ''sand  bucket,''  a  hollow  tube  with  a  valve  at  the 
bottom. 

As  the  chief  water  horizon  in  drift  is  at  the  contact  of  rock  and  the 
overlying  material,  it  is  important  to  know  the  character  of  the  rock 
mass  encountered.  This  is  not  always  easy  to  determine,  for  it  is 
not  an  uncommon  occurrence  to  strike  large  bowlders  that  he  many 
feet  above  the  bed  rock  and  may  be  readily  mistaken  for  sohd  ledge. 
The  driller  may  assure  himself  in  this  regard  by  drilUng  into  the  sup- 
posed ledge.  If  it  is  a  bowlder  he  will  pass  entirely  through  it  in  the 
course  of  a  few  feet.  Moreover,  the  nature  of  the  rock  will  ordinarily 
indicate  whether  it  is  part  of  the  underlying  strata  or  a  fragment 
carried  from  a  distance. 

The  rate  of  drilhng,  or  number  of  feet  a  day,  varies  widely  with 
the  character  of  the  rock,  and  the  price  charged  for  drilling  is  ordi- 
narily regulated  by  the  driller's  knowledge  of  the  bed  rock  in  the 
locaUty.  In  crystalhne  rocks — to  which  the  drillers  generally  apply 
the  term  ''granite'* — the  rate  varies  between  2  and  25  feet  a  day. 
The  price  for  drilling  in  crystalline  rocks  varies  between  $2.50  and  $8 
a  foot,  the  average  being  $4.25  a  foot.  In  such  wells  the  same  rate 
is  charged  for  the  surface  material  as  for  the  rock,  but  the  driller 
furnishes  the  casing  without  additional  expense.  In  sandstone 
drilling  is  much  easier  and  the  average  price  charged  is  about  $2  a 
foot  for  a  6-inch  well.  For  an  8-inch  well  the  price  is  50  to  75  cents 
a  foot  additional.  The  average  drilled  well  costs  more  than  a  dug 
well  and  much  more  than  a  driven  well,  but  it  possesses  advantages 
not  shared  by  the  other  types. 

Core  drilling  or  "diamond  drilUng"  has  been  employed  with  con- 
siderable success  by  one  contractor  in  the  western  part  of  Connecticut. 
In  this  process  the  driUing  tool  consists  of  a  rapidly  rotating  pipe, 
the  end  of  which  is  edged  with  diamond  fragments,  chilled  steel,  or 
other  sharp  cutting  material  which  wears  away  the  rock  below  the 
cutting  edges  and  leaves  a  cylindrical  core  within  the  pipe.  This 
core  is  broken  off  and  removed  by  various  devices,  leaving  a  hole  of 
the  desired  diameter. 

Drilled  wells  are  far  safer  in  sanitary  respects  than  either  of  the 
other  types  considered.     The  process  of  construction  is  such  that 
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with  proper  care  the  surface  water  may  be  entirely  cased  off  and  i 
supply  obtained  from  a  sufficient  depth  to  insure  safety.  It  shoulc 
not  be  forgotten,  however,  that  fissured  rock  may  have  oj>eiiiii^ 
large  enough  to  allow  the  passage  of  water  without  adequate  filtra- 
tion; this  is  much  more  Ukely  to  occur  where  the  rock  outcroj>s  ix] 
the  vicinity  of  the  well  than  where  a  mantle  of  glacial  drift  overlies 
the  ledge.  In  one  place  near  New  Haven  where  the  soil  was  only  2 
feet  deep,  gasoUne  leaking  from  a  buried  tank  at  a  distance  of  150 
feet  entered  the  rock  and  was  carried  into  a  drilled  well  at  a  depth 
of  at  least  18  feet.  The  gasoUne  may  have  entered  the  well  through 
a  crevice  or  by  percolation  through  the  rock  itself.  Although  the 
contamination  of  deep-drilled  wells  is  possible,  it  is  an  unusual  occur- 
rence and  is  generally  due  to  imperfect  casing. 

A  dishonest  driller  may  sink  a  deep  hole  into  dry  rock  and  arrange 
the  casing  in  such  a  manner  that  the  water  from  the  soil  and  the 
upper  surface  of  the  rock  enters  and  fills  the  hole,  giving  the  appear- 
ance of  a  yield  from  a  great  depth.  The  water  is  large  in  amount 
and  may  show  a  satisfactory  analysis.  Sooner  or  later,  however,  the 
ground  water  establishes  channels  of  ready  circulation  and  any  con- 
tamination from  surface  water  may  enter  and  penetrate  to  the  bottom, 
of  the  well. 

To  give  a  minimum  possibihty  of  contamination  the  following 
points  should  be  observed:  The  well,  of  whatever  kind  it  may  be, 
should  be  located  as  far  away  from  and  as  high  above  sources  of  con- 
tamination, like  cesspools,  open  sewers,  and  barnyards,  as  circum- 
stances permit;  the  well  site  should  be  selected  where  the  glacial 
drift  above  the  rock  is  deep,  rather  than  on  a  thinly  covered  rock  or 
on  bare  ledges ;  the  well  should  be  properly  cased — a  point  to  which  too 
Uttle  attention  is  paid  in  constructing  either  dug  or  drilled  wells. 
The  driller  usually  furnishes  casing  from  the  surface  to  the  rock,  but 
where  circumstances  indicate  that  more  casing  is  needed  for  safety 
the  owner  should  not  hestitate  to  assume  the  sUght  extra  expense 
required  to  insure  absolutely  safe  construction. 
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CHAPTER  X. 
SPRING  WATERS. 
INTRODUCTION. 

If  the  surface  of  Connecticut  were  level  and  the  soil  of  uniform 
composition  and  texture,  the  ground  water  would  tend  to  assume  a 
plajxe  surface  at  a  small  distance  below  the  cover  of  soil.  Such  a 
water  table  would  rise  and  fall  with  each  increase  and  decrease  in 
precipitation,  but  there  would  be  no  well-marked  channels  to  con- 
duct ground  water  to  the  surface.  Connecticut,  however,  is  a  region 
of  topographic  inequality  and  variability  of  soils  and  bed  rock  and 
the  imprisoned  waters  find  many  avenues  of  escape. 

The  normal  outlet  for  ground  water  is  near  the  level  of  lakes, 
sw^amps,  and  rivers,  where  it  emerges  in  large  amounts  although 
rarely  in  definite  channels.  Below  the  earth's  surface  there  are 
innumerable  openings  from  which  water  is  poured  unnoticed  into 
streams,  lakes,  or  marshes  along  the  shore  line  where  salt  water 
mingles  imperceptibly  with  fresh.  If  the  floor  of  Connecticut  River 
-were  exposed  suddenly  to  view  by  removing  the  water,  we  should  see 
tiny  rills  issuing  from  cracks  and  seams  and  porous  places  in  the  rock 
and  drift  forming  the  river  bed. 

To  speak  broadly,  any  definite  outlet  for  ground  water  is  a  spring, 
regardless  of  its  size  or  of  the  geologic  conditions  which  surround  it. 

TYPES  OF  SPRINGS. 

There  are  springs  which  emerge  from  the  ground  with  a  force  to 
turn  mill  wheels  and  with  a  volume  to  float  a  river  steamer.  There 
are  springs  which  come  from  great  depths  and  furnish  vast  quantities 
of  hot  water.  The  springs  of  Cojmecticut  are  of  another  kind — 
small  and  widely  distributed,  containing  cold  water  of  exceptioual 
purity,  and  those  suitable  for  domestic  purposes  and  local  supplies 
are  to  be  numbered  by  the  thousand. 

The  three  types  of  springs  commonly  found  in  the  State  may  be 
classed  as  seepage  springs,  stratum  springs,  and  fault  or  joint  springs. 

SEEPAGE. 

Many  hillsides  and  lowlands  bordering  streams  and  ponds  are 
saturated  with  moisture  and  the  ground  is  soft  and  springy  under  the 
foot.  This  is  especially  noticeable  during  the  early  part  of  the  year, 
when  ground  water  is  particularly  abundant.     These  marshy  places 
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are  *' seeps"  and  are  caused  by  ground  water  returning  to  the  sl-^ 
face  from  the  rocks  beneath.  Such  diflFused  seepage,  rather  thu 
drainage  along  definite  channels,  is  the  normal  method  for  the  escAp 
of  water  from  the  ground,  and,  in  fact,  it  is  only  where  this  return  see> 
age  is  concentrated  by  some  local  geologic  conditions  that  a  streaa 
issues  from  the  ground  as  a  spring. 

When  seepage  is  restricted  to  a  limited  area  it  may  form  a  seepaa 
spring,  in  which  the  water  slowly  escapes  from  sands  or  gravels  ot« 
a  space  of  a  hundred  square  feet,  more  or  less.  In  its  natural  stati 
a  seepage  spring  is  marked  by  the  presence  of  water-loving  pidai 
and  in  many  places  also  by  the  presence  of  an  oily-looking  scum  u 
film  on  the  water,  which  is  often  mistaken  for  petroleum  but  whii 
in  reality  is  the  result  of  decomposing  vegetation.  The  particul^ 
factors  which  have  served  to  concentrate  the  water  at  this  place  afl 
fiot  always  easy  to  determine,  but  ordinarily  a  slight  differeJice  3 
texture  of  the  sands  or  the  presence  of  a  thin  mantle  of  drift  ovd 
rock  is  sufficient  to  bring  the  water  to  the  surface.  As  a  rule  ta 
water  can  be  still  further  concentrated  by  digging  a  hole  or  sinking  i 
barrel  into  the  ground  in  the  zone  of  most  vigorous  seepage,  tha 
furnishing  a  small  local  reservoir  which  receives  the  ground  draiiwi:^ 
from  a  larger  area. 

There  is,  of  course,  no  sharp  line  between  general  diffused  seepa^ 
seepage  springs,  and  springs  proper,  although  the  term  "  sprint: "^ 
ordinarily  implies  a  distinct  stream  of  water  issuing  with  some  fort* 
from  an  opening  a  few  inches  or,  at  most,  a  few  feet  in  diametc. 
No  distinct  channel  need  be  exposed  at  the  surface,  but  there  inu>^ 
be  at  hand  a  definite  horizon  or  zone  along  which  the  circulation  4 
ground  water  is  sufficiently  rapid  to  form  a  constant  stream  of  apj 
preciable  size. 

STRATUM  SPRINGS. 

The  horizon  most  suitable  for  the  transmission  of  large  amounu 
of  water  is  the  plane  between  strata  of  different  degrees  of  perme-r 
bility.  In  such  positions  the  water  occupies  a  definite  zone  in  sod:< 
porous  stratum  and  is  confined  by  strata  through  which  it  passes  wic 
difficulty.  A  stratum  spring  may  originate  between  two  sedimentary 
beds,  between  drift  and  underlying  rock,  between  clay  and  sand,  < ' 
even  between  sands  of  slightly  different  structure.  Where  the  edp^ 
of  water-bearing  strata  are  exposed  at  the  surface,  as  in  stream  va- 
leys  or  in  artificial  sections,  the  water  is  allowed  to  escape  and  sot- 
tends  to  excavate  channels  along  which  further  progress  is  rapid. 

Wliere  an  impervious  bed  overlain  by  porous  strata  is  exposed  fi-^ 
long  distances,  a  line  of  springs  may  be  formed  at  the  contact  betwe«» 
the  strata.  Lookout  and  Raccoon  mountains,  in  Tennessee,  are  lx>r- 
dered  by  a  fringe  of  springs  which  reach  the  surface  at  the  contwJ 
of  the  capping  sandstone  with  a  prominent  bed  of  shale.    In  Utf 
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Snake  River  canyon,  Idaho,  a  line  of  springs  of  great  volume  emerges 
from  sedimentary  beds  underlying  lava.  The  edge  of  the  North 
Haven  plain  in  Connecticut  is  marked  by  numerous  springs.  This 
sand  plain  is  underlain  by  clay  which  forms  a  basement  bed  for  the 
ground  water,  and  where  the  beds  are  truncated  by  Quimiipiac 
River  springs  emerge  from  the  bedding  plane  between  the  clay  and 
the  overlying  sands.  Similar  conditions  are  reported  from  the  Po  Val- 
ley of  Italy,  where  the  water  penetrates  the  sand  and  remains  under- 
ground for  several  miles,  finally  emerging  as  a  long  line  of  springs 
where  the  water  table  is  forced  to  the  surface  by  more  pervious  beds. 
Probably  75  per  cent  of  the  springs  in  this  State  owe  their  existence 
to  the  concentration  of  water  between  beds  of  sand,  clay,  till,  and 
rock. 

FAULT  AND  JOINT  SPRINGS. 

Ground  water  occupies  all  open  spaces  within  the  earth's  surface 
and  moves  along  joints  and  faults  and  seams  as  well  as  between  beds 
of  stratified  series.  The  rock  walls  forming  the  two  sides  of  a  fault 
are  usually  suflBciently  separated  to  allow  the  passage  of  water  and 
the  fissure  is  usually  of  suflScient  depth  to  permit  a  profound  circu- 
lation. Ground  water  from  a  large  area  may  be  contributary  to  a 
single  fault  zone  and  may  exert  pressure  sufficient  to  drive  the  water 
along  the  crack  with  considerable  power.  Most  of  the  famous  hot 
springs  of  the  world  are  located  on  fault  lines.  Many  small  springs 
in  Connecticut  are  located  along  faults;^  their  temperature,  however, 
indicates  that  the  water  in  them  does  not  come  from  very  great 
depth. 

TEMPERATURE. 

The  temperature  of  the  ground  below  a  depth  of  50  or  60  feet  is  not 
affected  by  daily  or  seasonal  changes  at  the  surface,  and  the  tempera- 
ture of  water  which  comes  from  those  depths  is  therefore  subject  to 
only  slight  variation,  remaining  at  about  47°,  which  is  the  average 
annual  temperature  of  the  State.  No  hot  springs  are  reported  from 
Connecticut,  and  temperatures  under  45°  are  rare.  Of  the  springs 
recorded  on  pages  191-194  only  five  have  temperatures  less  than  45°, 
and  none  over  55°.  The  well-known  Arethusa  Spring  at  Seymour 
has  a  temperature  of  47°,  which  coincides  with  the  average  annual 
temperature  of  the  State.  In  a  nonvolcanic  region  like  Connecticut 
the  temperature  affords  some  indication  of  the  depth  from  which 
water  comes,  and  the  absence  of  high  temperature  implies  that  even 
in  fault  springs  the  occurrence  of  water  is  relatively  a  surface  phe- 
nomenon. 

It  is  frequently  reported  that  the  water  from  springs  is  colder  than 
normal  in  summer  and  warmer  in  winter.  These  statements,  how- 
ever, are  not  borne  out  by  the  facts. 

a  See  map  by  W.  H.  Hobbs,  In  Water-Supply  Paper  U.  S.  Geol.  Survey  No.  67, 1902,  p.  80. 
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INTERMITTENT  SPRINGS^ 

If  Connecticut  received  a  uniform  and  evenly  distributed  rainfall 
and  were  forest  covered,  the  springs  of  the  State  would  be  practically 
permanent  in  position  and  constant  in  yield.  The  rainfall,  however, 
is  not  uniformly  distributed,  the  region  is  partly  woodland  and  partly 
farms,  and  the  strata  consist  of  many  varieties  of  rocks  and  soil. 
The  result  is  that  some  springs  are  constant,  some  vary  in  yield,  and 
some  cease  entirely  during  parts  of  the  year.  The  flow  of  a  spring  is 
much  more  constant  than  the  rainfall,  because  water  in  rocks  is 
absorbed  and  stored  much  more  rapidly  than  it  escapes,  and  the 
rainfall  from  a  large  area  returns  to  the  surface  through  a  few  chan- 
nels. The  soil  is  a  reservoir  filled  within  a  few  hours  and  then  allowed 
to  drain  off  for  several  weeks.  In  Connecticut  the  supply  of  water  in 
the  soil  is  usually  renewed  by  rain  before  the  reservoir  is  emptied,  and 
the  springs  are  kept  flowing  at  varying  rates  of  speed. 
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Figure  31.— Diagram  illustrating  coDditions  for  intermittent  spring.    For  explanation,  see  text. 

• 

The  fact  that  ground  water  returns  to  the  surface  gradually  is  the 
chief  factor  which  insures  permanency  of  flow  and  carries  springs  and 
rivers  through  periods  of  drought.  In  certain  parts  of  the  country 
the  principal  supply  for  rivers  is  furnished  by  ground  water,  and 
during  parts  of  the  year  the  only  water  which  enters  Connecticut 
brooks  is  supplied  by  springs  and  seeps. 

A  spring  which  normally  gives  a  continuous  flow  may  become  in- 
termittent during  dry  seasons.  The  hill  shown  in  figure  31  consists 
of  sand  and  till,  which  allows  water  to  be  absorbed  in  large  amounts 
and  to  sink  to  the  impervious  stratum  along  which  ground  water 
flows  to  the  surface  as  a  spring  at  B.  When  the  water  stands  at  "S,'' 
temporary  springs  may  form,  which  cease  to  flow  when  the  water's 
level  drops  to  ^H."  In  unusually  dry  seasons  the  water  table  may 
sink  below  the  second  outlet,  thus  producing  an  intermittent  spring 
from  one  that  has  been  constant  for  several  years. 
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mineraij  springs. 

All  springs  contain  mineral  matter  in  larger  or  smaller  amounts, 
but  its  presence  may  not  affect  the  color  or  odor  or  taste  of  the  water. 
In  a  popular  Sense,  mineral  springs  are  those  which  are  notable  for 
the  large  amount  of  their  mineral  content,  for  some  conspicuous 
characteristic  of  the  wate!*,  such  as  color,  odor,  or  taste,  or  for  the 
presence  of  unusual  mineral  ingredients  considered  to  be  of  thera- 
peutic value.  Dissolved  rock  material  is  sometimes  deposited  about 
the  mouths  of  springs  in  quantities  amounting  to  several  tons  a  year. 
Even  the  ordinary  cold-water  spring  carries  to  the  surface  appre- 
ciable amounts  of  rock.  It  has  been  estimated  that  the  combined 
activity  of  900  ordinary  springs  in  the  eastern  part  of  the  United 
States  results  in  piling  up  each  year  rock  enough  to  form  a  block  10. 
feet  square  and  2  miles  long. 

Several  springs  in  Connecticut  are  reported  to  have  medicinal 
value.  Many  springs,  however,  pass  as  medicinal  merely  because 
they  have  a  forbidding  odor  or  taste,  and  prove  on  examination  to 
have  little  in  their  favor.  It  hardly  needs  to  be  stated  that  dis- 
agreeable characteristics  are  no  evidence  of  the  therapeutic  value 
of  water.  There  are  no  springs  in  Connecticut  with  an  unusual 
abundance  of  rare  mineral  constituents,  and  few  that  are  conspicuous 
because  of  their  color  and  odor. 

VOLUME  OF  SPRINGS. 

Springs  vary  in  size  from  minute  trickling  rills  to  streams  that  give 
rise  to  small  brooks.  The  amount  of  water  in  a  spring  depends 
directly  on  the  available  supply  from  which  it  is  drawn,  and  this  in 
turn  is  directly  related  to  the  amount  of  rainfall  and  to  the  size  of  the 
area  which  is  con  tributary  to  the  spring.  The  attitude  and  struc- 
ture of  the  rock  ore  also  important  considerations.  Tlie  rock  may 
be  stratified,  may  have  open  bedding  planes  of  wide  extent,  or  may 
be  dense  and  massive.  Its  texture  may  be  coarse  or  fine.  It  may 
be  easily  soluble  or  resistant  to  chemicals.  Furthermore,  the  dis- 
tribution of  farm  and  forest  land  and  the  relative  position  of  hills, 
plains,  and  valleys  have  much  to  do  with  collecting  water  and  guid- 
ing it  along  the  channels  leading  to  a  spring. 

USES  AND  PRODUCTION  OF  SPRING  WATERS. 

The  chief  use  of  spring  water  in  Coxmecticut  is  for  domestic  pur- 
poses. Thousands  of  houses  are  supplied  by  springs,  either  in  their 
natural  state  or  covered  and  connected  with  pipes,  and  some  small 
villages  derive  a  large  proportion  of  their  common  supply  from  such 
sources.  Springs  are  so  abundant  and  so  widely  distributed  that 
most  farm  houses  have  spring  water  either  directly  at  hand  or  easily 
obtainable  by  a  short  pipe  line. 
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The  dairying  industry  requires  large  amounts  of  cold  water  flowing 
regularly  through  the  cooUng  rooms,  and  Connecticut  is  highly  favored 
in  this  regard. 

Fifteen  springs  report  sales  of  table  water  for  1908  and  there  are 
known  to  be  many  others  which  have  more  or  less  local  use.  About 
nine-tenths  of  the  production  is  sold  for  table  purposes.  One  spring 
Is  the  site  of  a  resort  with  accommodations  for  about  80  people.  Dur- 
ing 1908  the  output  of  water  increased  about  one-third  and  the  value 
decreased  one-seventh  as  compared  with  the  record  for  1907.  The 
sale  of  water  from  15  springs  for  1908  was  424,826  gallons,  at  an 
average  price  of  9  cents  a  gallon. 

The  springs  from  which  water  was  sold  during  1908  are  enumerated 
in  the  following  list : 

Althea  Springs,  near  Waterbury,  New  Haven  County.^ 

Arethusa  Spring,  Seymour,  New  Haven  County. 

Aflpinock  Mineral  Springs,  Putnam  Height*,  Windham  County. 

Buttress  Dike  Spring,  Woodbridge,  New  Haven  County. 

Cherry  Hill  Spring,  Hamden,  New  Haven  County. 

Crystal  Spring,  near  Little  River,  Middlesex  County. 

Elco  Spring,  Bristol,  Hartford  County. 

Glenbrook  Spring,  Glenbrook,  Fairfield  County. 

Granite  Rock  Spring,  Higganum,  Middlesex  County. 

Highland  Spring,  near  Mount  Higbee,  Middlesex  County. 

Hillside  Spring,  Meriden,  New  Haven  County. 

Live  Oak  Spring,  Meriden,  New  Haven  County. 

Mohican  Spring,  Fairfield,  Fairfield  County. 

Oxford  Mineral  Spring,  Oxford,  New  Haven  County. 

Park  Spring,  Norwich,  New  London  County. 

Pequabuck  Mountain  Spring,  Bristol,  Hartford  County. 

Quinnipiac  Springs,  Montowese,  New  Haven  County. 

Red  Rock  Spring,  Meriden,  New  Haven  County. 

Rock  Ledge  Spring,  New  Haven,  New  Haven  County. 

Stafford  Mineral  Spring,  Stafford  Springs,  Tolland  County. 

Varuna  Spring,  Stamford,  Fairfield  County. 

RECORDS  OF  SPRINGS. 

The  following  table  and  notes  include  the  available  statistics  in 
regard  to  Connecticut  springs: 
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NOTES. 


8.  Located  at  the  northern  edge  of  Whortleberry  Hill,  a  ridge  of  gneiss,  overlain  by 
sandy  till.  It  is  situated  in  a  large  seepage  area  from  which  flows  probably  twice  as 
milch  as  issues  from  the  spring.  Although  rock  outcrops  are  near  at  hand,  it  is  probable 
that  the  water  comes  from  the  till  and  is  part  of  an  underflow  draining  the  ridge  to  the 
eouth.    Water  rises  6  inches  above  entering  point. 

69.  Inclosed  by  four  sections  of  3}-foot  tiling  sunk  into  the  ground.  Water  comes 
from  the  fine  white  sand  probably  resting  on  a  ledge  of  gneissoid  granite.  The  yield 
to  the  bottling  works  is  5  gallons  a  minute,  and  the  overflow  is  probably  10  gallons  a 
minute,  giving  a  total  yield  of  about  15  gallons.  The  spring  is  located  on  a  rather  flat 
terrace  at  an  elevation  above  the  river  of  about  120  feet. 

On  the  hillside,  200  yards  away  from  the  Arethusa  Spring  and  at  an  elevation  about 
25  or  30  feet  higher,  another  spring  issues  from  light-colored  gneissoid  granite,  with  the 
structure  planes  dipping  about  4^  SE.  into  the  hillside.  Both  these  springs  maintain 
nearly  the  same  flow  throughout  the  year. 

90.  The  water  supply  is  obtained  from  three  ponded  areas  located  in  a  shallow 
valley  and  fed  by  springs.  The  topography  is  flat  and  the  soil  is  i>orou8.  The  run-off 
is  accordingly  small  and  the  soil  absorption  large.  The  ground  water  is  near  the  sur- 
face and  emerges  on  a  nearly  level  area  at  the  contact  of  till  and  the  thin  overlying 
deposit  of  sand. 

The  following  notes  cover  a  few  springs  that  are  not  listed  in  the 
table: 

Granite  Rock  Spring,  Higganum:  This  spring  issues  between  two  large  granite 
bowtders  on  the  upper  slope  of  a  high  hill,  but  no  rock  outcrops  are  visible.  The 
water  is  piped  to  a  bottling  works.  The  spring  yields  between  20,000  and  25,000 
gallons  a  day,  with  a  fairly  constant  flow,  at  a  temperature  of  49^  F.  when  the  air 
temperature  is  77®.  The  output  of  the  bottling  works  during  1905  was  about  50,000 
gallons.  A  second  spring,  recently  excavated,  is  said  to  issue  from  a  crevice  one- 
eighth  inch  wide  in  the  ledge. 

Ausantowea  Spring,  Woodmont:  Has  been  excavated  to  a  depth  of  20  feet  through 
haidpan,  sand,  and  gravel,  the  water  horizon  being  in  gravel.  Flows  100  gallons 
an  hour  and  varies  little  in  yield  with  seasons.  The  temperature  is  57°  when  the 
air  temperature  is  88**.    The  water  is  bottled  and  sold. 

Buttress  Dike  Spring,  Woodbridge:  This  "spring"  is  in  reality  a  flowing  well  in 
which  water  rises  18  inches  above  the  ground.  It  is  on  the  side  of  a  steep  hill  com- 
posed of  chlorite  schist  and  overlain  by  a  thin  layer  of  sandy  till  containing  numerous 
heavy  bowlders.    The  water  appears  to  come  from  a  vertical  cleavage  joint  in  the  rock. 

Springs  of  T.  T.  Wilcox,  two-fifths  of  a  mile  southeast  of  Highland  station:  Three 
springs,  two  of  which  are  reported  by  Mr.  Wilcox  to  furnish  51  barrels  a  day,  with  no 
seasonal  variation,  at  a  temperature  of  48°  to  50°  F.  The  only  contributing  area 
at  a  higher  level  than  the  spring  is  a  hill  with  an  elevation  of  less  than  40  feet  and 
covered  with  a  thin  layer  of  till.  The  water  apparently  reaches  the  surface  by  work- 
ing along  the  bedding  planes  between  sandstone  and  red  shale.  This  requires  a 
movement  up  a  slope  of  about  15°. 

Spring  of  Charles  Parker,  1  mile  southeast  of  Meriden:  This, spring  is  located  on  the 
west  side  of  a  hill  composed  of  sandstone  dipping  southeast  and  capped  with  a  thin 
covering  of  glacial  drift.  The  water  comes  from  joints  in  sandstone,  as  illustrated 
on  page  136.  The  temperature  of  the  water  is  51°  F.  when  the  air  temperature  is  56°. 
Chalybeate  Spring,  Litchfield:  This  interesting  spring,  which  was  famous  in  the 
early  days  of  Connecticut,  was  described  as  follows  by  James  Pierce:**  "It  issues 
from  an  extensive  bed  of  sulphuret  of  iron,  situated  on  the  eastern  side  of  Mount 
Prospect,  4  miles  west  of  the  village  of  Litchfield.  The  spring  is  copious  and  peren- 
nial, exhibiting  in  its  course  much  oxide  of  iron  and  a  white  deposit." 

o  Am.  Jour.  Scl.,  vol.  3,  1821,  p.  236. 
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iTER  RESOURCES  OF  THE  BLUE  GRASS  REGION, 

KENTUCKY. 


By  Geoboe  Charlton  Matson. 


INTRODUCTION. 

The  area  described  in  this  report  comprises  about  7,225  square 
Ues  in  northeastern  Kentucky,  lying  between  parallels  38°  and  40° 
3rth  latitude  and  meridians  83°  and  86°  west  longitude.     It  in- 
oides  the  major  portion  of  what  is  commonly  known  as  the  "Blue 
Irass  region,"  together  with  small  areas  of  the  more  mountainous  por- 
ions  of  the  State,  and  covers  the  following  counties :  Anderson,  Boone, 
Bourbon,  Boyle,  Bracken,  Campbell,  Carroll,  Clark,  Fayette,  Flem- 
ing, Franklin,  Gallatin,  Garrard,  Grant,  Harrison,  Henry,  Jessamine, 
Kenton,  Madison,  Mason,  Mercer,  Nicholas,  Oldham,  Owen,  Pendle- 
ton, Robertson,  Scott,  Shelby,  Trimble,  and  Woodford.     It  is  bounded 
on  the  north  and  west  by  Ohio  River;  on  the  east  and  south  by 
portions  of  the  boundary  lines  of  the  marginal  counties.     (See  PI.  I.) 
Geographically  the  Blue  Grass  region  forms  part  of  the  Appala- 
chian Plateau,  which  extends  from  the  eastern  edge  of  the  Allegheny 
Mountains  and  the  Cumberland  Plateau  westward  to  the  Mississippi 
lowlands.     Because  this  part  of  the  Appalachian  Plateau  is  drained 
by  Ohio  River,   Campbell**  suggested  that  it  be  called  the   Ohio 
Basin.     The  northwestern  boundary  of  the  Ohio  Basin  was  regarded 
as  extending  from  Mississippi  River  near  Cairo  across  Illinois,  Indiana, 
and  Ohio  to  the  west  end  of  Lake  Erie. 

No  systematic  study  of  the  occurrence  of  underground  water  in 
Kentucky  was  made  prior  to  the  summer  of  1906,  when  such  work  was 
assigned  by  the  United  States  Geological  Survey  to  the  author  of  this 
paper,  who  completed  field  and  office  work  within  the  following  year; 
but  it  should  not  be  inferred  that  no  earlier  observations  were  made. 
Numerous  references  to  the  occurrence  of  water  are  found  in  the  early 
reports  of  the  State  Geological  Survey,  by  Dr.  David  Dale  Owen. 
Underground  waters,  especially  the  mineral  Springs  of  the  region,  are 
discussed  in  some  detail  in  the  reports  issued  while  Prof.  N.  S.  Shaler 
was  state  geologist.  Many  observations  on  the  mineral  springs  of 
Kentucky  were  made  by  W.  M.  Linney  while  John  R.  Proctor  was 

a  Campbell,  M.  R.,  Rtohmond  folio  (No.  46),  Qeol.  Atlas  U.  S.,  U.  S.  Oeol.  Survey,  1898,  p.  1. 
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8  INTRODUCTION. 

state  geologist.    Since  the  beginning  of  the  present  Kentucky  Greo- 
logical  Survey,  of  which  Prof.  Charles  J.  Norwood  is  director,    tlxe 
underground  waters  have  been  studied  by  Prof.  Arthur  M.  ACiller 
and  others,  and  a  recent  report  by  Prof.  August  F.  Foerste  discusses 
the  waters  of  the  Silurian  and  Devonian  formations  of  the  east- 
central  part  of  the  State.     Chemical  studies  of  Kentucky  waters  were 
begun  about  the  middle  of  the  last  century  by  Dr.  Robert  Peter, 
chemist  of  a  university  at  Lexington,  Ky.,  and  when  the  first  Geolog- 
ical Survey  of  Kentucky  was  organized  Doctor  Peter  was  appointed 
its  chemist.     After  his  death  he  was  succeeded  by  his  son.  Dr.  Alfred. 
M.  Peter.     Any  adequate  discussion  of  the  work  done  by  these  men. 
b  impracticable;  the  magnitude  and  great  value  of  the  work  will  be 
evident  to  all  who  examine  the  various  reports  of  the  Kentucky  Geo- 
logical Survey  and  the  Kentucky  Agricultural  Experiment  Station. 

In  1904  Dr.  Chase  Palmer  began  a  chemical  study  of  the  waters  of 
Kentucky,  Salt,  Dix,  and  Green  rivers.     This  work  was  continued  in 
1905  and  Doctor  Palmer  then  extended  his  investigations  to  the  under- 
ground waters  of  the  State.     The  results  of  part  of  his  work  are  pre- 
sented in  the  chemical  chapter  which  forms  part  of  this  report.     Inci- 
dental references  to  the  water  resources  are  found  in  all  the  liistories 
of  the  State,  but  the  most  important  publications  about  the  water 
resources  of  the  Blue  Grass  region  are  the  various  reports  of  the  Geo- 
logical Survey  of  Kentucky  and  the  annual  reports  of  the  Agricul- 
tural Experiment  Station.     The  information  in  regard  to  the  quality 
of  the  water  is  especially  voluminous.     This  information  consists 
largely  of  analyses  made  by  Dr.  Robert  Peter,  chemist  of  the  first  and 
second  geological  surveys  of  the  State,  and  his  son.  Dr.  A.  M.  Peter, 
chemist  of  the  Kentucky  Agricultural  Experiment  Station.     A  part  of 
the  information  given  in  the  state  reports  has  been  compiled  for 
pubhcation  in  this  paper,  but  most  of  it  is  in  such  form  that  it  can  not 
readily  be  arranged  for  presentation.     A  list  of  the  principal  reports 
dealing  with  Kentucky  waters  is  presented  herewith,  and  to  these 
pubUcations  the  reader  is  referred  for  further  information. 

UST  OP  PAPERS  CONTAINING  INFORMATION   IN   REGARD  TO   KENTUCKY  WATERS. 

Geological  Survey  of  Kentucky. 
David  Dale  Owen,  director. 

Report  for  1854-55.     1856. 

Second  Report,  for  1856-57.     1857. 

Third  Report,  for  1856-57.     1857. 

Fourth  Report,  for  1858-59.     1861. 
N.  S.  Shaler,  director. 

Reports  of  Progress,  1874-75,  vol.  1,  new  series,  1876. 

Reports  of  Progress,  1877,  vol.  2,  new  series,  1877. 

Reports  of  progress,  1877,  vol.  3,  new  series,  1877. 

Report  of  Progress,  1878,  vol.  4,  new  series,  1878. 

Report  of  Progress,  1880,  vol.  5,  new  series,  1880. 
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Geological  Survey  of  Kentucky— Continued. 
John  R.  Proctor,  director. 

Geology  of  Garrard  County,  by  W.  M.  Linney.    1882. 
Geology  of  Mercer  County,  by  W.  M.  Linney.    1882. 
Geology  of  Clark  County,  by  W.  M.  Linney.    1884. 
Geology  of  Mason  County,  by  W.  M.  Linney.    1885. 
Geology  of  Fleming  County,  by  W.  M.  Linney.    1886. 
Geology  of  Henry  County,  by  W.  M.  Linney.    1887. 
Geology  of  Shelby  County,  by  W.  M.  Linney.    1887. 
Geology  of  Oldham  County,  by  W.  M.  Linney.    1887. 
Chemical  analyses,  A,  1884,  by  Robert  Peter,  chemist,  and  John  H.  Talbot 
and  A.  M.  Peter,  chemical  assistants. 

The  first,  second,  and  third  chemical  reports  of  the  Geological  Survey 
of  Kentucky;  reprinted  from  vols.  1,  4,  and  5,  new  series. 
Chemical  report.  A,  vol.  2,  1885,  by  Robert  Peter,  chemist,  and  A.  M.  Peter, 
assistant  chemist. 

Contains  the  fourth  chemical  report  of  the  Geological  Survey  of  Kentucky; 
reprinted  from  vol.  5,  new  series  (pp.  5-93). 
Chemical  report.  A,  vol.  3,  1888. 
C.  J.  Norwood,  director. 

The  oil  and  gas  sands  of  Kentucky,  by  J.  B.  Hoeing.    Bull.  N0..I,  1905. 
The  lead  and  zinc  bearing  rocks  of  central  Kentucky,  by  Arthur  M.  MUler. 

Bull.  No.  2,  1905. 
Chemical  report  of  the  coals,  clays,  mineral  waters,  etc.,  of  Kentucky,  by 

Robert  Peter.    Bull.  No.  3,  1905. 
The  Silurian,  Devonian,  and  Irvine  formations  of  east-central  Kentucky,  with 
an  account  of  their  clays  and  limestones,  by  Aug.  F.  Foerste.    Bull.  No. 
7,1906. 
Kentucky  Agricultural  Experiment  Station. 
First  Annual  Report.     1888. 
Seventh  Annual  Report.    1894. 
Eighth  Annual  Report.     1895. 
Tenth  Annual  Report.    1897. 
Eleventh  Annual  Report.    1898. 
Twelfth  Annual  Report.     1899. 
Thirteenth  Annual  Report.     1900. 
Fourteenth  Annual  Report.     1901. 
Fifteenth  Annual  Report.     1902. 
Sixteenth  Annual  Report.    1903. 
Seventeenth  Annual  Report.    1904. 
Eighteenth  Annual  Report.     1905. 

HISTORICAL  SKETCH. 

The  pioneers  of  Kentucky  entered  the  State  through  the  moun- 
tain passes  to  the  east,  bringing  with  them,  perforce,  the  barest  neces- 
sities of  life,  and  were  compelled  to  rely  on  game  for  a  large  part  of 
their  food  supplies.  These  early  settlers  found  that  certain  saline 
springs  were  frequented  by  large  game,  and  that  these  springs  or  the 
traces  (trails)  leading  to  them  formed  the  best  hunting  grounds. 

The  sites  of  Boonesboro  (foimded  by  Daniel  Boone)  and  Harrods- 
burg,  the  first  settlements  in  the  State,  were  chosen  because  of  their 
proximity  to  good  springs,  and  one  of  the  springs  near  Boonesboro 
furnished  salt  water,  which  doubtless  attracted  deer  and  other  wild 
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animals.  The  same  reason  determined  the  location  of  scores  of  the 
early  settlements  and  nearly  all  the  important  cities  and  towns  of 
the  State.  Some  of  the  Kentucky  springs,  such  as  Bryant  Station 
Spring  and  Lower  Blue  Lick  Spring,  were  later  made  famous  in  con- 
nection with  the  struggles  of  the  settlers  against  the  Lidians,  and 
still  later  large  springs  formed  objective  points  for  the  armies  of  both 
Bragg  and  Buell. 

Practically  all  the  old  mansions  of  the  Blue  Grass  region  were 
built  where  spring  water  was  accessible,  but  when  the  inhabitants 
began  to  build  houses  upon  the  divides  many  wells  and  cisterns  were 
dug.  Doubtless  the  disastrous  cholera  epidemics  of  the  first  half  of 
the  eighteenth  century  stimulated  the  digging  of  cisterns,  and  during 
the  last  generation  many  have  been  constructed.  In  favorable 
localities  the  drilled  wells  have  largely  supplanted  the  dug  wells, 
but  they  will  probably  never  supplant  the  cisterns. 

The  early  industrial  enterprises  of  the  Blue  Grass  region  consisted 
of  mills  and  distilleries,  many  of  which  relied  upon  springs  for  their 
water  supplies;  but  with  the  development  of  the  country,  the  estab- 
lishment of  new  routes  of  travel  and  new  centers  of  trade,  and  the- 
enlargement  of  the  industrial  enterprises,  the  spring  supplies  became 
inadequate  and  many  of  them  have  been  abandoned.  At  the  present 
time  much  water  for  industrial  use  is  drawn  from  streams  or  wells, 
although  springs  continue  to  hold  a  very  important  place,  and  in 
some  locaUties  drilled  or  driven  wells  are  used. 

As  already  indicated,  the  villages  grew  up  about  springs  from 
which  each  family  drew  enough  water  for  its  individual  needs;  but 
when  the  villages  came  to  install  public  supplies,  they  commonly 
sought  either  well  or  surface  water,  until  at  present  only  one  city, 
Georgetown,  takes  its  water  supply  from  a  spring.  While  it  has 
usually  proved  impracticable  to  use  either  wells  or  springs  for 
municipal  supplies,  many  of  the  smaller  towns  have  public  wells  or 
springs  which  furnish  water  for  a  niunber  of  families. 

NEED  OF  THE  INVESTIGATION. 

The  great  need  for  definite  information  in  regard  to  the  water 
resources  of  the  country  has  long  been  evident  to  both  practical  and 
scientific  men,  and  in  the  Blue  Grass  region  the  subject  has  keen 
interest  for  sanitarians,  householders,  manufacturers,  and  civic 
communities. 

In  Kentucky,  as  elsewhere,  the  occasional  outbreaks  of  water- 
borne  diseases,  such  as  typhoid  fever,  have  emphasized  the  necessity  of 
obtaining  pure  water  supplies  or  preventing  the  poUution  of  present 
supplies.  Himdreds  or  even  thousands  of  dollars  have  been  wasted 
in  imsuccessful  attempts  to  procure  water  by  drilling  deep  wells, 
and  the  usefulness  and  the  safety  of  many  city  suppUes  have  been 
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seriously  impaired  by  improper  location  or  faulty  construction  of 
wells.  Two  examples  of  useless  drilling  may  be  cited.  At  one  place, 
where  water  was  needed  for  the  irrigation  of  flowers,  an  attempt  was 
made  to  obtain  a  supply  by  drilling  about  600  feet  into  a  rock  forma- 
tion that  furnishes  large  quantities  of  water  in  only  a  few  places, 
and  never  furnishes  water  of  the  quality  needed  except  within  about 
100  feet  of  the  surface;  and  an  attempt  was  made  to  supply  water 
for  a  small  city  by  sinking  a  well  to  a  depth  of  nearly  2,000  feet  in  a 
bcality  where  there  was  no  possibility  of  procuring  enough  fresh 
water  from  a  single  well  to  supply  more  than  two  or  three  families, 
and  where  no  water  suitable  for  a  city  supply  could  be  found  more  than 
100  feet  below  the  surface.  Obviously  a  knowledge  of  these  condi- 
tions would  have  effected  great  saving  in  time  and  money. 

The  problem  of  procuring  water  for  industrial  purposes  is  recog- 
nized as  of  great  importance,  particularly  when  a  large  amount  of 
water  of  a  certain  quality  or  of  a  definite  range  of  temperature  is 
required.  Many  manufacturing  plants  have  been  located  with  an 
absolute  disregard  of  the  suitability  of  the  available  water  supply, 
and  the  owners  have  subsequently  foimd  the  cost  of  procuring  the 
needed  water  one  of  their  heaviest  burdens.  It  is  probable  that 
some  factories  in  the  Blue  Grass  region  will,  in  the  course  of  a  few 
years,  be  forced  to  pipe  water  from  a  considerable  distance  or  move 
their  entire  plants. 

In  some  parts  of  the  area  water  for  stock  is  obtained  directly  from 
springs  and  streams,  and  in  other  localities  dams  are  built  to  im- 
pound surface  water.  Many  stockmen,  however,  realize  that  stag- 
nant water  is  inferior  in  quaUty,  and  some  have  already  drilled  wells 
to  supply  their  stock;  others  would  undoubtedly  adopt  the  same 
means  if  they  had  any  assurance  that  water  of  satisfactory  quality 
could  be  obtained.  A  few  have  selected  poor  locations  for  the  wells 
and  have  obtained  inadequate  supplies  of  water  of  unsatisfactory 

quality. 

GEOLOGY- 
GEOLOGIC   HISTORY. 

The  rocks  which  underlie  the  Blue  Grass  region  comprise  formations 
belonging  to  the  early  periods  of  geologic  history.  The  systems 
represented  are  known  to  geologists  as  Ordovician,  Silurian,  Devonian, 
Carboniferous,  etc.  The  rocks  belonging  to  each  of  these  groups  are 
further  subdivided  into  the  formations  which  are  mentioned  in  the 
accompanying  table  and  in  the  subsequent  pages  of  the  text.  In 
the  table  the  name  of  tne  oldest  formation  is  placed  at  the  bottom 
and  the  succeeding  formations  are  arranged  in  regular  order.  This 
arrangement  is  a  most  satisfactory  one,  because  when  undisturbed 
the  formations  lie  one  upon  another  like  the  leaves  of  a  book.  How- 
erer,  in  this  case  the  leaves  are  great  masses  of  stone  in  the  form  of 
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clay,  sand,  shale,  sandstone,  and  limestone,  sometimes  nearly  homo- 
geneous, but  more  often  mixed  together  or  arranged  in  successiTe 
beds  from  a  fraction  of  an  inch  to  several  feet  in  thickness. 

All  the  older  formations  of  the  Blue  Grass  region  were  deposited 
in  water,  and  are  therefore  called  sedimentary  rocks.     A   careful 
study  of  these  rocks  will  reveal  many  interesting  facts  conceminz 
their  history.     Embedded  in  the  limestones  and  shales  are   many 
shells,  which  represent  the  organic  life  which  existed  in  the  water 
while  the  rocks  were  being  deposited.     Some  of  these  shells  appear 
much  like  those  which  now  live  in  the  seas,  while  many  others  may 
be  connected  with  forms  now  living  by  examining  the  rocks  of  suc- 
cessive geologic  ages  and  noting  the  gradual  modifications   ^vhich 
have  taken  place.     The  relation  between  the  shells  of  organisms 
now  living  in  marine  waters  and  those  found  embedded  in  the  rocfo 
of  the  Blue  Grass  region,  together  with  many  other  facts,  show^  that 
the  formations  were  deposited   beneath   the  sea.     Although    it    Is 
diilicult  to  restore  the  outlines  of  the  ancient  ocean  in  which  the 
geologic  formations  of  the  Blue  Grass  region  were  deposited,  the  com- 
position of  the  rocks  gives  much  information  concerning  the  depth 
and  character  of  the  waters.     As  most  of  the  shells  must    have 
belonged  to  organisms  which  lived  in  shallow  water,  the  depth  of 
the  sea  could  not  have  been  very  great.     This  conclusion  would  also 
be  reached  by  a  consideration  of  the  nature  of  the  material  com- 
prising the  rocks  themselves.     The  w.om  character  of  some  shells 
bears  testimony  of  such  wave  action  as  would  take  place  only  in 
shallow  water,  and  the  presence  of  sand  and  mud,  which  have  since 
been  consolidated  into  sandstone  and  shale,  is  evidence  of  shaUow 
water  and  the  proximity  of  land  to  suppjy  such  sediments.     The 
great  thickness  of  some  of  the  limestone  shows  the  existence  of  long 
periods  when  the  seas  were  comparatively  free  from  sediment  and 
animal  life  flourished  and  decayed,  leaving  their  calcareous  shells  to 
be  consolidated  into  rock.     In  the  Blue  Grass  region  the  earlier 
formations  appear  to  have  been  deposited  in  comparatively  clear 
waters,  for  the  older  rocks  are  largely  limestone.     The  younger  for- 
mations were  laid  down  in  seas  which  were  often  muddy,  and  hence 
sandstones  and  shales  predominate. 

After  the  deposition  of  the  limestones,  sandstones,  and  shales  of  the 
Blue  Grass  region,  the  rocks  were  raised  above  sea  level  in  the  form 
of  a  low  dome.  Probably  the  arching  of  the  strata  had  been  begun 
at  an  earlier  date,  but  it  culminated  about  the  close  of  the  deposition 
of  the  Carboniferous  rocks.  The  apex  of  this  dome  lies  in  Jessamine 
County,  and  hence  it  is  known  as  the  ''Jessamine  dome."  From  the 
apex  the  rocks  dip  gradually  outward,  sinking  at  the  rate  of  a  few 
feet  per  mile.  In  places  the  forces  which  produced  the  doming  dis- 
rupted the  rocks  and  caused  the  severed  ends  of  the  beds  to  slip  past 
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^ach    other.     Such  breaks  are  known  as  faults,  and  the  Kentucky 

Ki^ver  fault,  which  is  shown  in  a  solid  line  on  the  accompanying  map, 

Ls  an  excellent  example.     Other  smaller  faults  occur  in  various  parts 

of  "thie  region.     Following  the  doming  came  a  long  period  of  erosion, 

wbiicli  reduced  the  surface  to  a  low  plain,  known  to  geologists  as  a 

peneplain.     Subsequent  uplift  permitted  the  dissection  of  the  early 

peneplain  and  the  formation  of  another  at  a  lower  level.     The  early 

peneplain  is  represented  by  the  tops  of  the  mountains  which  border 

the    Blue  Grass  regioii,  and  the  younger  one  by  the  uplands  which 

sxinround  Lexington.     This  upland,  which  is  known  as  the  Lexington 

peneplain,  was  formed  during  the  portion  of  geologic  time  known  as 

tlie   Tertiary.     The  meandering  streams  of  Tertiary  time  deposited 

broad  belts  of  gravel,  sand,  and  clay  in  their  shallow  valleys,  and  the 

remnants  of  these  deposits  constitute  the  Irvine  formation.     Since 

tlie  deposition  of  the  Irvine  formation  the  Blue  Grass  region  has  been 

sttbjected  to  erosion,  and  the  streams  have  cut  deep  channels,  of 

i^vhich  the  Kentucky  River  gorge  is  an  excellent  example. 

At  the  beginning  of  the  Quaternary  there  was  a  great  change  in 
climatic  conditions,  which  permitted  the  formation  of  a  vast  sheet 
of  ice  in  northeastern  North  America.     This  ice  sheet  existed  in  the 
glacial  period,  and  at  the  time  of  its  maximum  extent  its  southern 
border  reached  beyond  Ohio   River  into  Kentucky.     After  the  ice 
had  melted  from  the  United  States,  there  were  other  glacial  inva- 
sions, which  extended  into  northern  Ohio,  but  did  not  reach  as  far 
south  as  Kentucky.     During  one  of  these  glaciations,  which  is  known 
as  the  lowan,  a  deposit  of  buff-colored  silt  was  spread  over  a  narrow 
strip  of  land  south  of  Ohio  River  from  the  vicinity  of  La  Grange 
to  Fort  Thomas.     This  silt,  which  is  called  loess,  is  an  important 
surface  formation  in  the  area  mentioned. 

A  later  glaciation,  known  as  the  Wisconsin,  extended  into  Ohio. 
Tlie  waters  derived  from  the  melting  of  this  ice  sheet  spread  broad 
terraces  of  sand  and  gravel  in  the  Ohio  Valley.  These  terraces  may 
be  seen  in  the  Ohio  Valley,  where  they  form  broad  flats  above  the 
level  flood  plains  of  the  stream. 

CLASSIFICATION  OF  ROCKS. 

The  name  Blue  Grass  region  has  been  restricted  by  some  authors 
to  the  area  in  which  rocks  of  Ordovician  age  occur  at  the  surface, 
but  the  area  described  in  this  report  includes  also  formations  belong- 
ing to  the  Silurian,  Devonian,  and  Carboniferous  systems.  The 
Ordovician  formations,  however,  cover  so  large  a  part  of  the  region 
that  they  are  discussed  more  fully  than  those  belonging  to  the  other 
systems. 

The  following  table  shows  the  sequence,  character,  and  thickness 
of  the  geologic  formations  found  in  the  Blue  Grass  region  and  the 
amoimt  and  character  of  the  water  supply  furnished  by  them. 
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18  WATERS  OF  BLUE  GRASS  REGION,  KENTUCKY. 

ORDOVICIAN  SYSTEM. 
ST.  PETER   SANDSTONE. 

At  a  depth  of  100  feet  or  more  below  the  oldest  rocks  seen  at  the 
surface  in  Kentucky,  the  dark,  fine-grained  Umestones  of  the  surface 
formation  are  imderlain  by  a  greenish  or  white  sandstone  or  sandy 
limestone,  the  transition,  as  indicated  by  the  well  records,  being 
abrupt.  This  underlying  formation  has  been  called  Calciferous  by 
the  Kentucky  geologists,  but  it  is  correlated  and  usually  identified 
with  the  St.  Peter  sandstone  of  the  Mississippi  Valley  by  most  gex>l- 
ogists  working  north  of  Ohio  River.  Well  records  indicate  that 
beneath  the  Blue  Grass  region  the  St.  Peter  is  composed  largely  of 
fine-grained  siUceous  hmestone,  whose  thickness  has  not  been  deter- 
mined in  Kentucky,  but  wells  that  have  been  drilled  to  a  depth  of 
500  to  700  feet  below  its  top  show  no  marked  change  in  the  character 
of  the  rock. 

HIGHBRIDOE   LIMESTONE. 

The  fine-grained  hmestone  exposed  in  the  Kentucky  River  gorge 
in  the  Richmond  quadrangle  was  named  by  Campbell"  the  High- 
bridge,  and  Miller*  subsequently  included  imder  this  name  all  the 
rocks  exposed  in  Kentucky  lying  below  the  top  of  CampbelPs  High- 
bridge  hmestone.  As  thus  defined,  the  Highbridge  comprises  400 
feet  of  massive  drab  or  dove-colored  fine-grained  hmestone,  in  some 
places  so  even  grained  that  it  resembles  hthographic  stone.  As  a 
rule,  however,  it  contains  crystals  of  calcite,  and  near  the  top  some 
of  the  layers  are  largely  crystalline.  About  100  feet  beneath  the 
top  it  is  divided  into  two  readily  distinguishable  parts  by  dolomitic 
layers.  The  lower  limestone  is  nearly  always  heavy  bedded,  but  the 
most  of  the  layers  of  the  upper  hmestone  are  thin  and  interbedded 
with  shale  beds  ranging  in  thickness  from  1  inch  to  4  feet. 

The  great  thickness  of  the  Highbridge  hmestone  appears  to  indi- 
cate deposition  in  comparatively  clear  water,  but  toward  the  close 
of  tliis  period  of  deposition  land-derived  sediments  predominated  at 
frequent  intervals,  during  which  the  thin  shale  beds  of  the  upper 
hmestone  were  formed. 

The  Highbridge  hmestone  is  exposed  in  the  Kentucky  River  gorge 
from  below  Frankfort  to  a  short  distance  above  Camp  Nelson,  and 
some  isolated  exposures  are  found  in  Madison,  Clark,  and  Fayette 
counties,  where  the  Kentucky  River  fault  brings  the  upper  division 
of  the  Highbridge  to  the  surface.  The  formation  is  also  exposed  in 
the  valleys  of  some  of  the  tributaries  of  Kentucky  River.  Thiis  it 
extends'along  Dix  River  to  a  short  distance  south  of  the  hne  between 
Boyle  and  Lincoln  counties;  along  Clear  Creek  in  Jessamine  County, 


a  Campbell,  M.  R.,  Richmond  folio  (No.  46),  Geol.  Atlas  U.  S.,  U.  S.  Geol.  Survey,  1898. 
6  Miller,  Arthur  M.,  The  lead  and  rlnc  bearing  rocks  of  central  Kentucky:  Bull.  Kentucky  Oeol.  Survey 
No.  2,  ig05,  pp.  10-16. 
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south  of  Troy;  along  Jessamine  Creek  to  a  point  within  5  miles  of 
Xicholasville;  along  Hickman  Creek  to  a  point  just  north  of  Union 
Mills;  along  Boone  Creek  to  a  point  just  east  of  Athens.  On  the 
smaller  tributaries  the  Highbridge  Umestone  seldom  extends  more 
than  5  miles  from  the  river.  It  does  not  appear  on  the  upland 
except  in  the  southern  part  of  Jessamine  County. 

LEXINGTON   LIMESTONE. 

As  originally  defined  by  Campbell,^  the  Lexington  limestone 
included  140  to  160  feet  of  strata  resting  on  the  Highbridge  Ume- 
stone and  covered  by  50  feet  of  cherty  limestone,  which  was  mapped 
as  the  Flanagan  chert.  More  extensive  stratigraphic  and  paleonto- 
logic  work  led  Miller*  to  include  the  Flanagan  chert  with  the  Lexing- 
ton limestone.  Under  this  definition  the  formation  consists  of  200 
feet  or  more  of  coarse-grained  blue  or  gray  Umestones,  in  some  places 
containing  shaly  partings  and  thin  beds  of  bluish  shale.  The  Ume- 
stones  are  in  part  thick  bedded  and  in  part  thin  bedded  and  nodular. 
At  various  locaUties  nodules  and  lenses  of  chert  occur  in  the  upper 
50  to  75  feet  of  the  formation. 

The  Lexington  Umestone  represents  deposition  in  comparatively 
clear  water,  but  with  occasional  sediments,  which  gave  rise  to  the 
shale  beds.     Plate  II,  5,  shows   a  section  of  the  formation. 

The  formation  is  found  over  a  large  area  in  the  region  surrounding 
Lexington,  and  it  is  generaUy  considered  the  basis  of  the  finest  blue- 
grass  soils.  The  northern  Une  of  the  Lexington  Umestone  passes 
across  Harrison,  Bourbon,  Scott,  and  Franklin  counties;  the  western 
Une  Ues  a  few  miles  west  of  Kentucky  River  from  FrankUn  County 
to  Boyle  Coimty;  the  southern  Une  crosses  northern  Garrard  and 
Madison  counties;  and  the  eastern  Une  extends  through  Clark  and 
Bourbon  counties.  In  a  part  of  this  central  area  it  is  covered  by  the 
next  younger  formation,  the  Winchester  limestone.  Small  exposures 
of  Lexington  Umestone  are  also  seen  at  various  points  along  Ohio 
River  from  above  Belmont  to  below  Moscow,  but  in  this  region  the 
formation  does  not  Ue  high  enough  above  the  stream  to  reach  the 
level  of  the  upland.  The  upper  beds  of  the  Lexington  Umestone  are 
important  water-bearing  strata. 

WINCHESTER   LIMESTONE. 

The  name  Winchester  is  applied  in  this  report  to  the  series  of  inter- 
bedded  blue  Umestones  and  shales  resting  on  the  Lexington  Umestone. 
As  described  by  Campbell  in  the  Richmond  foUo,  the  Winchester 
limestone  included  200  to  230  feet  of  blue  shales  and  Umestones, 


•CampbeU,  M.  R.,  Richmond  foUo  (No.  46),  Geol.  Atlas  U.  S.,  U.  S.  Oeol.  Survey,  1898. 
*  Hill«r,  Arthur  M.,  The  lead  and  zinc  bearing  rocks  of  central  Kentucky:  Bull.  Kentucky  Geol.  Survey 
No.  2, 1905,  pp.  16-22, 
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extending  from  the  top  of  the  Flanagan  chert  to  the  base  of  his 
Garrard  sandstone.    The  Winchester  of  Miller's  report  on  the  lead 
and  zinc  bearing  rocks  of  central  Kentucky  represents  the  lower  40 
feet  of  the  rocks  which  Campbell  called  Winchester.    Later  work 
indicates  that  the  use  of  the  term  Winchester  to  include  the  entire 
series  of  Umestones  and  shales  between  the  Lexington  limestone  and 
Campbell's  Garrard  sandstone  is  open  to  objection.    At  least  the 
lower  part  and  possibly  the  whole  of  Campbell's  Garrard  sandstone 
is  to  be  correlated  with  the  upper  portion  of  the  Eden  shale  at  Cin- 
cinnati.   Indeed,  when  traced  northward  the  lower  part  of  this  sand- 
stone gradually  gives  place  to  the  Eden  shale.    Although  the  upper 
boundary  of  this  sandstone,  as  developed  on  the  eastern  side  of  the 
Cincinnati  arch,  appears  to  fall  within  the  beds  usually  classed  with 
the  lower  division  of  the  Maysville,  it  is  thought  advisable  to  adopt 
the  classification  which  makes  the  Garrard  sandstone  a  member  of 
the  Eden  shale  and  restricts  the  name  Winchester  to  the  shaly  lime- 
stone of  late  Trenton  age  which  underUes  the  Eden  shale. 

The  rocks  of  the  Winchester  limestone  are  much  like  those  of  the 
Lexington,  except  that  the  proportion  of  shale  is  larger.  (See  PI.  II, 
A.)  At  several  localities  the  top  of  the  formation  is  marked  by  the 
base  of  a  current-formed  bed  of  limestone,  18  inches  or  more  in  thick- 
ness, which  shows  marked  cross  lamination  and  contains  fragments  of 
the  underlying  rock.  Many  bits  of  crinoid  stems  in  the  layer  have 
led  to  its  being  called  the  ''crinoidal  layer."  In  the  valley  of  Lick- 
ing River  this  layer  appears  to  rest  on  the  Winchester,  but,  according 
to  Mr.  Ulrich,  opposite  Cincinnati  it  rests  on  the  lower  part  of  the 
Lexington.  Thus  there  appears  to  be  a  marked  imconformity  above 
the  Winchester.  The  maximum  thickness  of  the  Winchester  lime- 
stone is  probably  somewhat  greater  than  the  thickness  given  by 
Miller. 

The  Winchester  appears  to  represent  a  period  during  which  fre- 
quent alternations  of  clear  and  muddy  water  gave  rise  to  a  series  of 
interbedded  limestones  and  shales.  The  numerous  shale  beds  make 
the  Winchester  a  rather  poor  water-bearing  formation,  but  where  it 
is  at  the  surface  it  usually  yields  enough  water  for  domestic  and 
farm  uses. 

The  Winchester  is  exposed  along  Ohio  River  on  the  eastern  and 
western  sides  of  the  Blue  Grass  region.  A  narrow  band  of  it  sur- 
roimds  the  central  area  of  Lexington  limestone,  and  large  expo- 
sures of  it  are  foimd  within  that  area. 

EDEN    SHALE. 

The  rocks  of  this  formation,  where  typically  developed,  comprise 
about  250  feet  of  blue  shale  containing  thin  scattered  beds  of  blue 
limestone.    In  the  valley  of  Ohio  River  at  Cincinnati  the   Eden 
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shale  is  locally  separated  from  the  underlying  Lexington  limestone 
by  a  few  feet  of  gray  shale  containing  characteristic  Utica  fossils. 
Near  the  southern  border  of  the  Blue  Grass  region  the  upper  part  of 
the  formation  is  composed  of  the  sandy  shale  and  sandstone  which, 
as  already  stated,  were  called  by  Campbell  ^  the  Garrard  sandstone 
and  are  here  called  Garrard  sandstone  member,  following  the  later 
definition  which  makes  them  a  part  of  the  Eden  shale.  The  thick- 
ness of  the  Garrard  sandstone  member  is  variable,  the  maximum 
being  about  150  feet.  The  thickness  of  the  Eden  shale  where  it 
includes  the  Garrard  sandstone  member  also  varies,  but  it  is  in  no  place 
more  than  300  feet.  Some  of  the  Umestone  layers  of  the  Eden  have 
a  wavy  upper  surface,  which  appears  to  be  due  to  ripple  marks 
formed  during  the  deposition  of  the  rock. 

At  the  beginning  of  the  deposition  of  the  Eden  shale  a  large  amount 
of  land-derived  sediment  appears  to  have  been  carried  into  the  Or- 
dovician  sea.  Evidence  as  to  the  source  of  the  land-derived  sedi- 
ments forming  the  earUer  beds  is  lacking,  but  the  character  of  the 
Garrard  sandstone  member  suggests  that  during  the  deposition  of 
the  upper  part  of  the  Eden  shale  considerable  coarse  sediment  was 
being  supplied  from  some  land  area  to  the  south.  The  deposi- 
tion of  this  coarse  material  continued  throughout  a  large  part  of  the 
period  and  into  the  earUer  part  of  the  Maysville. 

The  Eden  shale  is  exposed  along  Ohio  River  and  its  principal 
tributaries  and  forms  a  rim  from  15  to  30  miles  wide  around  the' 
central  area  of  Lexington  and  Winchester  limestones.  The  boimdary 
between  the  Eden  and  the  Maysville  is  difficult  to  map  accurately 
because  the  Eden  shale  usually  appears  in  the  stream  valleys  within 
the  areas  of  Maysville,  and  the  Maysville  at  many  places  caps  the 
hills  of  Eden  shale  some  distance  beyond  the  generaUzed  boimdary. 

MAYSVILLE   FORMATION. 

The  Maysville  formation  comprises  a  series  of  interbedded  blue 
limestones  and  shales  more  than  200  feet  thick.  Few  of  the  beds  of 
limestone  exceed  4  to  6  inches  in  thickness,  and  toward  the  top  of 
the  formation  many  of  the  beds  are  sandy.  Evidence  indicates  that 
the  Maysville  formation  is  separable  into  several  subdivisions,  but 
the  lithologic  variations  are  as  a  rule  so  gradual  that  the  writer 
fomid  it  impracticable  to  draw  satisfactory  lines  in  the  time  at  his 
disposal.  In  general  the  proportion  of  shale  beds  is  high  in  the  lower 
and  middle  parts  of  the  formation,  but  below  the  middle  and  near 
the  top  some  heavy  beds  of  Umestone  occur  that  are  sufficiently 
thick  to  permit  the  formation  of  small  caverns. 

The  transition  from  the  conditions  which  existed  during  the  depo- 
sition of  the  Eden  shale  appears  to  have  been  gradual,  so  that  the 

•  CampbeU,  M.  R.,  Richmond  foUo  (No.  46),  Qeol.  Atlas  U.  S.,  U.  S.  Oeol.  Survey,  1808. 
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lower  portion  of  the  Maysville  consists  of  shale  in  the  northern  part 
of  the  area  and  sandstone  in  the  southern  part.  The  Umestone  beds 
of  the  Maysville  were  deposited  during  short  periods  when  the  sea 
was  comparatively  clear. 

The  Maysville  formation  is  exposed  over  a  large  area  in  the  Blue 
Grass  region.  It  forms  a  rim  about  the  central  area  of  the  Lexington 
limestone,  reaching  Ohio  River  on  the  north  and  extending  nearly 
to  the  mountains  on  the  south. 

RICHMOND   FORMATION. 

The  Richmond  formation  is  probably  separable  into  at  least  three 
members,  but  in  this  report  only  two  subdivisions  are  recognized. 
The  lower  part  of  the  formation  consists  of  blue  or  dove-colored  even- 
bedded  limestone,  containing  much  interbedded  shale.  Commonly 
the  shale  is  the  predominating  rock,  and  in  some  places,  especially 
on  the  east  side  of  the  Jessamine  dome,  the  rock  appears  to  be  almost 
entirely  composed  of  sandy  shale.  The  upper  division  of  the  Rich- 
mond consists  of  greenish  to  buff  sandy  Umestones  or  calcareous 
sandstones,  with  some  beds  of  shale.  Near  Ohio  River  the  upper  beds 
are  largely  Umestone,  but  toward  the  south  they  give  place  to  arena- 
ceous limestones  and  sandstones  which  show  a  marked  banding  on 
exposure  to  the  weather.  Apparently  some  of  the  rocks  classified 
as  Medina  by  the  early  surveys  of  Kentucky  belong  to  the  upper 
division  of  the  Richmond.  Exposures  of  the  limestone  of  the  Rich- 
mond formation  are  to  be  seen  in  the  vicinity  of  Milton,  and  they 
extend  southward  beyond  the  southern  Une  of  Oldham  County. 

The  Richmond  was  observed  at  various  points  on  the  east  and 
west  sides  of  the  Cincinnati  arch.  It  forms  a  band  of  varying  width 
about  the  south  and  west  sides  of  the  Maysville  area,  and  it  is  well 
developed  outside  the  Maysville  areas  on  the  east  side  of  the  Cin- 
cinnati arch. 

SILURIAN-DEVONIAN   ROCKS. 
PANOLA   FORMATION. 

The  rocks  of  Silurian  and  Devonian  age  in  the  area  under  dis- 
cussion are  sufficiently  distinct  to  admit  of  separation  into  at  least 
four  formations,  but  with  the  exception  of  the  Ohio  shale,  their 
thickness  and  areal  extent  are  insuflBcient  to  permit  their  discrimi- 
nation on  a  map  of  the  scale  here  employed.  For  this  reason  the 
name  Panola  formation,  which  was  proposed  by  Campbell,  is  used 
for  the  Silurian  and  Devonian  rocks  lying  between  the  top  of  the 
Richmond  formation  and  the  base  of  the  Ohio  shale. 

The  Panola  formation  includes  representatives  of  Niagaran  and 
Onondaga  age.  The  basal  beds  of  Niagaran  age  consist  of  a  heavy- 
bedded  yellow  limestone  followed  by  interbedded  limestone  and  blue 
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slxale.  At  some  localities  these  beds  contain  low-grade  iron  ore. 
Niagaran  time  appears  to  be  represented  on  the  eastern  side  of  the 
Oincinnati  arch  by  10  to  20  feet  of  blue  shale  containing  more  or  less 
intercalated  yellow  limestone,  but  the  corresponding  formation  on 
the  west  side  consists  mainly  of  several  feet  of  heavy  magnesian 
limestone  which  in  places  contains  a  little  chert. 

The  strata  of  Onondaga  age  consist  of  15  feet  of  buff  magnesian 
limestone,  with  some  thin  beds  of  shale  near  the  base.  Some  of  the 
layers  of  this  limestone  contain  numerous  nodules  of  chert,  and 
locally  it  is  crowded  with  fossil  corals. 

The  variations  in  the  thickness  and  character  of  the  members  of 
the  Panola  formation — the  many  alternations  from  limestone  to 
shale — suggest  frequent  changes  in  the  conditions  of  deposition, 
esp>ecially  those  of  the  Niagaran  strata.  Some  of  the  differences  in 
thickness  may  be  due  to  irregularities  in  the  rate  of  deposition,  but 
others  are  probably  to  be  accoimted  for  by  supposing  that  an  uncon- 
formity exists  between  the  Silurian  and  Devonian.  No  detailed 
study  was,  however,  made  of  outlying  parts  of  the  area,  where  these 
rocks  are  exposed. 

DEVONIAN  SYSTEM. 
OHIO   SHALE. 

This  formation  consists  of  a  tliinly  laminated,  black,  carbonaceous 
shale,  which  reaches  a  maximum  tliickness  of  about  150  feet  in 
Fleming  County  and  thins  westward  toward  the  west  edge  of  Boyle 
County,  where  it  passes  outside  the  Blue  Grass  area.  In  the  eastern 
part  of  the  region  few  of  the  exposures  exceed  a  few  miles  in  width 
and  in  Boyle  Coimty  the  width  is  less  than  a  mile.  The  formation 
is  the  equivalent  of  the  Chattanooga  shale  farther  south. 

The  relation  of  the  Ohio  shale  to  the  underlying  Devonian  lime- 
stone was  seen  at  several  points.  In  some  places  the  transition  from 
the  limestone  to  the  shale  is  abrupt;  in  others  it  is  by  interbedding 
of  the  limestone  and  shale.  The  Ohio  shale  appears  to  have  been 
deposited  during  a  period  when  the  sea  was  gradually  encroacliing 
upon  the  land.  The  fine  sediments  and  the  plant  remains  of  this 
formation  suggest  that  the  sea  was  shallow  and  the  adjacent  land 
low. 

CARBONIFEROUS  SYSTEM. 
WAVERLY   SHALE. 

The  Waverly  shale,  which  has  a  maximum  thickness  of  300  feet, 
includes  about  100  feet  of  dense  blue  shale,  wliich  passes  upward 
into  interbedded  shale  and  sandstone.  Near  the  base  of  the  shale 
are  numerous  concretions  of  iron  carbonate  which  weather  to  a 
reddish  brown.     In  most  places  the  sandstones  have  a  greenish  or 
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bluish  tinge  and  they  axe  commonly  even  bedded,  but  in  some  locJi- 
ties  they  are  decidedly  concretionary.  Some  beds  of  limestone  occur 
on  the  tops  of  the  mountains,  but  the  areas  are  so  small  that  they 
are  not  shown  in  the  geologic  map  of  the  region 

TERTIARY  SYSTEM. 
IRVINE   FORMATION. 

The  valleys  of  the  principal  streams  in  the  Blue  Grass  region  pre- 
sent certain  peculiarities  which  are  worthy  of  note.    All  the  large 
streams  flow  in  steep-walled  canyons,  many  of  which  have  been  cut 
300  to  400  feet  below  the  level  of  the  uplands.    Bordering  the  canyon 
valleys  are  broad  rock  shelves  which  are  but  little  lower  than  the 
surrounding  uplands  and  which  were  formed  at  a  time  when   the 
streams  flowing  across  the  surface  of  the  upland  had  so  little  fall 
that  they  meandered  widely.    These  streams  left  along  the  rock 
shelves  deposits  of  yellow  and  gray  unconsolidated  sand,  gravel,  and 
clay,  which  were  called  by  Campbell «  the  Irvine  formation  and 
were  referred  tentatively  to  the  Neocene.     That  the  materials  in 
these  deposits  were  derived  in  part  from  the  formations  near  the 
headwaters  of  the  streams  is  shown  by  the  occurrence  of  pebbles 
from  those  formations. 

The  Irvine  formation  occurs  in  isolated  patches  along  Licking 
River  in  Fleming,  Nicholas,  Robertson,  Harrison,  Pendleton,  Grant, 
and  Campbell  counties.  Along  Kentucky  River  the  deposits  were 
noted  in  Madison,  Jessamine,  Woodford,  and  Franklin  counties, 
and  they  doubtless  occur  in  the  other  counties  bordering  the  river 
above  Franklin  County.  They  were  not  observed  below  the  western 
boimdary  of  Franklin  County,  although  they  probably  occur  there. 

QUATERNARY  SYSTEM. 
GLACIAL   DEPOSrrS. 

The  deposits  of  glacial  age  in  the  Blue  Grass  region  include  the 
unassorted  bowlder  clay,  the  loess,  and  the  assorted  glaciofluvial 
gravels  that  form  the  terraces  in  the  Ohio  Valley. 

Bowlder  clay. — On  the  upland  the  bowlder  clay  is  composed  of  3 
to  10  feet  of  red  or  yellow  clay  containing  fragments  of  limestone, 
chert,  and  granitic  rocks.  The  clay  appears  to  be  reworked  residual 
material,  and  the  limestone  and  chert  are  largely  of  local  origin,  but 
the  granitic  rocks  are  rare  and  must  have  been  brought  from  beyond 
the  northern  boundary  of  the  Ignited  States. 

The  eastern  boimdary  of  the  bowlder-clay  deposit  extends  north- 
ward from  the  southern  line  of  Oldham  County  to  the  east  bluff  of 
Ohio  River  at  Carroll  ton,  passing  a  few  miles  east  of  La  Grange  and 

a  Campbell,  M.  U.,  Richmond  folio  (No.  46),  Geol.  Atlas  U.  S.,  U.  S.  a«ol.  Survey,  ISQS. 
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Bedford.  From  Carrollton  it  extends  northward,  passing  near  Rich- 
^«rood,  Boone  County,  and  Bulfington,  Kenton  County,  and  finally 
terminating  at  Ohio  River  near  Fort  Thomas.  From  Fort  Thomas 
southward  the  boimdary  coincides  very  closely  with  the  Ohio  Valley 
to  Augusta,  at  which  point  it  swings  eastward  into  Ohio.  This 
boxindary  marks  the  farthest  extent  of  the  Illinoian  ice  sheet. 

In  the  Ohio  Valley,  as  shown  by  Leverett,**  are  deposits  of  partly 
a;ssorted  till  which  in  some  places  rise  to  a  considerable  height  above 
the  river.  The  most  conspicuous  of  these  deposits  are  the  glacial 
conglomerate  at  Split  Rock,  near  Bellevue,  Boone  Coimty,  and  a 
similar  conglomerate  at  Augusta,  in  Bracken  Coimty.  At  Split  Rock 
the  conglomerate  rises  250  to  300  feet  above  the  Ohio,  but  at  Augusta 
its  height  is  only  about  175  feet.  Leverett  mentions  also  that  a 
raorainic  deposit  on  the  east  edge  of  the  Ohio  Valley  at  Carrollton 
occupies  a  sag  in  the  hills  between  Kentucky  and  Ohio  rivers  and 
has  a  width  of  less  than  a  mile,  and  a  height  of  200  ±  feet  above 
Ohio  River. 

The  bowlder  clay  is  correlated  with  the  Illinoian  drift  farther  west. 
Between  the  period  of  its  deposition  and  the  next  glacial  invasion 
there  was  a  long  interval  known  as  the  Sangamon  interglacial  epoch, 
during  which  the  Illinoian  drift  deposits  were  probably  more  or  less 
modified  by  erosion  and  weathering,  but  it  is  difficult  to  obtain  evi- 
dence of  these  changes,  because  exposures  are  rare. 

Loess, — The  material  classified  as  loess  consists  of  2  to  4  feet  of 
buflF  loam,  which  rests  on  the  till  of  the  upland.  As  a  rule,  it  contains 
more  clay  than  typical  loess  and  it  lacks  the  loess  texture.  It  closely 
resembles  the  residual  clay  of  the  region  and  can  hardly  be  distin- 
guished from  the  clay  except  where  it  rests  on  the  till.  The  loess 
has  usually  been  considered  a  deposit  formed  during  the  closing  stage 
of  the  lowan  glaciation. 

The  deposition  of  the  loess  appears  not  to  have  been  followed  by 
any  extensive  topographic  changes  in  the  Blue  Grass  region.  Some 
erosion  has  doubtless  taken  place,  but  the  most  noticeable  change  on 
the  loess-covered  area  is  seen  in  the  numerous  small  sink  holes  where 
the  glacial  deposits  are  underlain  by  limestone  beds. 

Glacial  gravel. — Glacial  gravel  forms  terraces  along  Ohio  River  on 
tho  border  ui  the  Blue  Grass  region.  It  consists  of  80  to  120±  feet 
of  coarse  sand  and  gravel  deposited  from  the  waters  supplied  by  the 
melting  of  the  Wisconsin  ice  sheet.  The  materials  composing  this 
deposit  are  sand  containing  pebbles  of  limestone,  sandstone,  and  the 
various  granitic  rocks  which  were  carried  by  the  glacier. 

A  deposit  of  sand  and  gravel,  which  ranges  from  10  to  80  feet  in 
thickness  and  which  appears  to  be  in  part  glacial  and  in  part  post- 


a  Leverett,  Frank,  Glacial  formatioDS  and  drainage  features  of  the  Eric  and  Ohio  basins:  Mon.  U.  8. 
Oeol.  Survey,  vol.  41, 1902,  pp.  25-58. 
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glacial,  is  found  along  all  the  large  streams  of  the  region.  Along 
Kentucky  and  Licking  rivers  fragments  of  terraces  which  rise  to  about 
the  altitude  of  the  glacial  terraces  are  seen  at  many  places.  These 
deposits  were  probably  made  at  the  time  when  the  terraces  were 
being  formed  in  the  Ohio  Valley. 

Three  well-defined  terraces  are  recognizable  at  various  points  along 
Ohio  River,  but  as  in  all  of  them  the  material  is  of  fairly  uniform 
character,  the  terraces  have  no  effect  upon  the  water  capacity  of  the 
deposits.  However,  the  depth  to  water  in  the  glacial  gravels  is 
naturally  greatest  upon  the  highest  terrace.  A  difference  in  the 
quality  of  the  water  has  been  reported  in  some  localities,  but  on  care- 
ful study  it  appeared  that  the  variations  in  quality  were  due  to  the 
distance  from  the  river  and  had  no  relation  to  the  heights  of  the 
terraces. 

ALLUVIUM. 

On  Ohio,  Kentucky,  and  Licking  rivers  below  the  level  of  the 
glacial  terraces  are  deposits  of  sand  and  gravel  which  are  of  recent 
origin.  These  deposits  are  nowhere  extensive,  and  they  exceed  50 
feet  in  thickness  at  but  few  places. 

Where  the  streams  from  the  upland  emerge  in  the  valleys  of  the 
rivers  they  usually  build  alluvial  fans,  consisting  of  fragments  of  the 
country  rock  mixed  with  sand  and  clay.  These  alluvial  fans  are 
largest  along  Ohio  Kiver,  but  they  also  occur  along  the  other  large 
streams. 

Many  of  the  small  streams  of  the  region  are  bordered  by  narrow 
belts  of  coarse  alluvium,  which  consist  largely  of  partly  rounded  frag- 
ments of  limestone  mixed  with  more  or  le«s  clay. 

GEOLOGIC  STRUCTURE. 
JESSAMINE   DOME. 

The  rocks  of  the  Ohio  Basin  are  not  extensively  folded  and  most 
of  them  dip  slightly  toward  the  northwest.  The  most  important 
structural  feature  of  the  region  is  the  broad  arch,  commonly  known 
as  the  Cincinnati  anticline.  This  arch  extends  from  Nashville  north- 
eastward through  Lexington  nearly  to  Cincinnati,  north  of  which  it 
divides,  one  branch  continuing  northward,  the  other  turning  toward 
the  northwest.  South  of  Cincinnati  the  arch  is  separable  into  two 
broad  domes;  one  of  these  culminates  near  Nashville,  Term.;  the 
apex  of  the  other  is  in  Jessamine  County  in  central  Kentucky.  The 
Jessamine  dome,  as  it  has  been  called,  has  been  so  completely  beveled 
by  erosion  that  its  dome  structure  has  no  apparent  effect  upon  the 
surface,  which  is  a  broad  plain  deeply  trenched  by  some  of  the  larger 
streams.  The  erosion  of  this  dome  has  exposed  the  Ordovician  rocks 
which  underlie  the  Blue  Grass  region.  Outward  from  the  apex  of 
''  'le  formations  are  successively  younger,  except  where  the 


Digitized  by  VjOOQIC 


GEOLOGY.  27 

regular  order  of  the  succession  is  broken  by  faults  which  have  brought 
younger  formations  into  abnormal  contact  with  the  older. 

From  the  apex  of  the  Jessamine  dome  the  rocks  dip  gently  outward 
in  all  directions,  but  the  dip  varies  greatly  in  different  directions, 
indicating  that  the  dome  is  not  symmetrical,  and  on  the  southern 
side  the  regularity  of  the  dip  is  broken  by  faulting.  From  the  apex 
of  the  dome  along  the  crest  of  the  uplift  to  Belmont,  on  Ohio  River, 
trhe  dip  does  not  exceed  5  or  6  feet  per  mile;  toward  the  north  it  is 
only  8  or  10  feet  per  mile;  but  the  dips  toward  the  east  and  west  are 
much  greater;  the  dips  toward  the  northeast  and  northwest  are  about 
26  to  30  feet,  and  toward  the  east  and  west  nearly  50  feet  per  mile. 
The  dips  toward  the  south  can  not  be  satisfactorily  determined 
"because  of  the  faulting,  which  has  produced  considerable  displacement 
of  the  beds. 

FAULTS. 

*  The  greater  number  of  the  faults  of  the  Blue  Grass  region  are  strike 
faults;  that  is,  the  fault  planes  are  parallel  to  the  strike  of  the  rocks. 
The  most  conspicuous  fault  is  the  Kentucky  Kiver  fault,  which 
extends  from  Clark  County  to  Garrard  County.  It  has  a  maximum 
throw  of  about  400  feet,  which  brings  the  Highbridge  limestone  into 
contact  with  the  Garrard  sandstone  member  of  the  Eden  shale. 
Where  this  fault  was  observed,  the  movement  appears  to  have  been 
along  a  series  of  parallel  planes,  and  at  its  eastern  end  near  Rucker- 
ville,  as  pointed  out  by  Campbell,^  the  fault  is  represented  by  a 
slight  fold.  Another  fault  extends  from  Kentucky  River  northeast- 
ward near  Ruckerville  and  into  Bath  County.  The  maximum  move- 
ment along  this  fault  plane  is  about  300  feet.  Other  faults  are  known 
to  occur  in  Garrard  and  Madison  counties,  but  in  few  of  these  is  the 
displacement  large. 

Near  Moberly  there  is  a  fault  which  runs  parallel  to  the  direction 
of  dip — a  dip  fault."  The  amount  of  displacement  at  this  place  is 
sufficient  to  bring  the  Ohio  shale  into  contact  with  the  Ordovician 
formations. 

A  strip  of  Eden  shale  extends  from  eastern  Jessamine  County 
northeastward  across  Fayette  County.  This  strip  of  shale,  which 
is  from  one-eighth  to  one-fourth  mile  wide,  represents  a  place  where 
two  parallel  faults  have  brought  the  Eden  shale  down  into  the  area 
of  Lexington  limestone.''  In  northeastern  Franklin  County  are  two 
faults,  which  extend  a  considerable  distance  across  the  line  into  Scott 
County.**  These  two  faults  inclose  a  small  fault  block  similar  in  ori- 
gin to  the  one  near  Lexington.  Other  faults  are  known  to  occur  in 
various  parts  of  the  region. 


aCampbell,  M.  R.,  Richmond  folio  (No.  46),  Geol.  Atlas  U.  S.,  U.  8.  Oeol.  Survey,  1898. 
b  Miner,  A.  M.,  The  lead  and  sine  bearing  rocks  of  central  Kentucky:  Bull.  Kentucky  Oeol.  Survey  No. 
2, 1905,  p.  7. 
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The  geologic  history  of  the  Cincinnati  arch  has  been  long  and  com- 
plex, but  a  comprehensive  discussion  is  beyond  the  scope  of  thk 
paper.  In  general,  it  may  be  inferred  that  there  were  periods  of  par- 
tial emergence  from  beneath  the  sea,  followed  by  more  or  less  complete 
resubmergence.  There  is  reason  to  believe  that  the  faulting  dat^s 
from  the  final  emergence,  which  probably  occurred  during  Carbonif- 
erous time.  This  question  has  been  fully  discussed  by  Miller  in  Bulle- 
tin 5  of  the  Kentucky  Survey. 

JOINTS    AND   BEDDING    PLANES. 

In  the  Blue  Grass  region  there  are  two  well-developed  series  of  ver- 
tical joints  at  approximately  right  angles  to  each  other.  These  joints 
have  general  north-south  and  east-west  directions  and  are  apparently 
very  persistent.  The  spacing  of  the  joints  is  somewhat  irregular, 
and  consequently  it  is  difficult  to  state  what  interval  there  may  be 
between  joints  at  any  given  point. 

Besides  the  joints,  there  are  between  the  layers  of  rock  numerous 
horizontal  planes  of  separation  known  as  "  bedding  planes. "  The  spac- 
ing of  the  bedding  planes  varies  from  a  fraction  of  an  inch  in  the  Eden 
shale  to  several  feet  in  parts  of  the  Highbridge  limestone.  The  varia- 
tion depends  entirely  on  the  thickness  of  the  beds  of  rock,  and  con- 
sequently the  number  of  bedding  planes  is  greater  in  the  shales  than 
in  the  limestones. 

In  limestones  and  shales  the  joints  and  bedding  planes  have  an 
important  relation  to  the  occurrence  of  underground  water. 

In  rocks  freshly  exposed  bedding  planes  and  joints  are  usually  but 
a  small  fraction  of  an  inch  in  width;  but  near  the  surface  the  joints 
are  wider,  especially  in  the  limestones,  where  they  may  be  represented 
by  caverns  several  feet  wide.  Within  a  few  feet  of  the  surface  theee 
openings  are  commonly  filled  with  residual  clay,  and  it  is  by  the  grad- 
ual removal  of  the  limestone  and  the  consequent  enlargement  of  the 
cavern  that  the  numerous  sink  holes  of  the  region  are  formed.  The 
enlargement,  for  obvious  reasons,  is  most  common  along  the  lines 
where  joints  and  bedding  planes  meet. 

PHYSIOGRAPHY. 
ALTITUDE   OF  THE    SURFACE. 

Altitudes  within  the  Blue  Grass  region  have  an  extreme  range  of 
about  1,100  feet,  and  the  transition  from  one  level  to  another  is  usu- 
ally abrupt.  The  general  altitude  is  between  800  and  1 ,000  feet  above 
sea  level.  The  higher  points  of  the  area,  underlain  by  Ordovician 
rocks,  rise  to  a  nearly  uniform  altitude  of  1,000  feet  above  sea  level, 
while  the  lowest  point,  less  than  400  feet  above  sea,  is  on  Ohio 
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River  at  the  southwest  comer  of  Oldham  County.  On  the  southern 
xx^argin  of  the  area  the  hills  of  Mississippian  rocks  rise  to  an  altitude 
of  nearly  1,500  feet  above  sea  level. 

LEXINGTON   PENEPLAIN. 

The  general  attitude  of  the  surface  on  the  area  of  Ordovician  rocks 
is  that  of  a  broad  plain,  above  which  the  hills  of  the  southern  part  of 
tlie  area  rise  abruptly  and  into  which  the  large  streams  have  cut  deep, 
narrow  gorges.  The  smaller  streams  have  not  been  able  to  lower  their 
channels  fast  enough  to  keep  pace  with  the  main  streams,  and  hence 
they  enter  the  main  streams  with  a  very  steep  gradient,  in  places 
broken  by  falls  and  rapids. 

There  is  locally  an  apparent  parallelism  of  the  plain  surface  and  the 
bedding  of  the  Ordovician  rocks,  which  might  suggest  that  the  uni- 
form height  of  the  plain  was  due  to  a  layer  of  hard  rock;  but  when 
traced  any  considerable  distance  the  surface  is  seen  to  cut  across 
rocks  of  different  ages  and  varying  degrees  of  hardness. 
-  To  a  nearly  level  surface  produced  by  subaerial  denudation  the 
name  "peneplain"  is  given,  and  the  peneplain  formed  by  the  erosion 
of  the  Ordovician  rocks  was  called  by  Campbell**  the  Lexington  pene- 
plain. 

CRETACEOUS   PENEPLAIN. 

On  the  southern  margin  of  the  area  the  hills  rise  to  a  fairly  uniform 
height  of  500  feet  above  the  Lexington  peneplain,  and  this  has  led  to 
the  beUef  that  they  are  remnants  of  an  earlier  peneplain.  No  part  of 
the  surface  of  this  older  peneplain  is  visible  to-day,  but  its  existence 
is  inferred  from  the  uniformity  in  the  height  of  the  hills,  which  are 
capped  by  rocks  of  different  lithological  character.  This  peneplain 
was  referred  by  Campbell''  to  the  Cretaceous. 

CAVERNS. 

In  limestone  rocks  of  uniform  character  and  similar  jointing,  the 
rate  of  cavern  formation  depends  largely  upon  the  topography. 
Where  the  surface  is  roUing  a  smaller  percentage  of  the  rainfall  enters 
the  ground  than  where  it  is  flat.  Thus,  the  Lexington  peneplain, 
with  its  nearly  level  surface,  must  have  furnished  exceptionally 
favorable  conditions  for  the  formation  of  caverns  and  the  develop- 
ment of  underground  drainage  systems. 

The  flat-topped  remnants  of  the  peneplain  in  Woodford,  P>anklin, 
and  Fayette  counties  have  the  largest  underground  systems  of  drain- 
age and  supply  the jnost  copious  springs  of  the  region.    I^nfortunately, 


•OampbeU,  M.  R.,  Richmond  folio  (No.  46),  G€ol.  Atlas  U.  S.,  U.  8.  Oeol.  Survey,  1898. 
»Op.clt. 
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few  of  these  caverns  are  accessible,  and  their  size  and  the  extent  of 
their  ramifications  can  be  inferred  only  by  the  size  of  the  springs  and 
the  number  and  size  of  the  sink  holes.  On  these  flat-topped  divides 
there  is  practically  no  surface  drainage,  and  the  topography  is  marked 
by  a  series  of  sink  holes  which  receive  a  large  part  of  the  rainfall.  It 
is  probable  that  before. the  uplifting  of  the  Lexington  peneplain  a 
large  part  of  the  surface  was  drained  by  underground  streams,  just 
as  the  divides  are  at  the  present  time,  and  that  the  Neocene  was  the 
period  when  the  formation  of  caverns  was  most  rapid.  Before  the 
peneplain  was  uplifted  the  surface  drainage  was  probably  limited  to 
the  large  streams  and  their  principal  tributaries.  With  the  uplift in«: 
of  the  peneplain  the  surface  drainage  became  more  extensive  and  the 
areas  of  underground  drainage  were  gradually  restricted,  but  the 
formation  of  new  caverns  and  the  enlargement  of  the  old  has  con- 
tinued down  to  the  present  time. 

SOILS. 

CLASSIFICATION  OF  SOILS. 

Since  the  time  of  the  first  settlement  the  Blue  Grass  region  has  been 
famous  for  its  excellent  soils,  but  considering  the  region  as  a  whole 
the  soils  vary  greatly  in  different  localities,  the  finest  types  occurring 
in  areas  where  the  Lexington  limestone  forms  the  surface  rock. 

On  the  basis  of  origin  the  soil  of  the  Blue  Grass  region  may  be  said 
to  include  two  types — residual  and  transported.  The  residual  soils 
have  resulted  from  the  decomposition  of  the  underlying  rock  and 
remain  where  they  were  formed.  The  transported  soils  are  made  up 
of  disintegrated  or  decomposed  rock  particles  and  have  been  brought 
to  their  present  position  by  the  action  of  wind,  water,  or  ice. 

The  sand  dunes  that  occur  in  limited  areas  along  the  Ohio  Valley 
and  possibly  the  loess  in  the  northern  part  of  the  region  represent 
wind-transported  soils.  Some  writers,  however,  would  class  the 
loess  with  water-transported  soils. 

The  sands  and  gravels  along  the  rivers  form  water-transported  soils 
and  are  the  result  of  mechanical  disruption  rather  than  chemical 
decomposition.  In  the  valleys  of  Licking  and  Kentucky  rivers  these 
soils  consist  of  assorted  materials  derived  from  the  residual  soilsof 
the  upland,  but  along  Ohio  River  they  were  deposited  by  the  flood 
waters  which  came  from  the  melting  of  the  continental  ice  sheet,  As 
would  be  expected,  the  soils  of  the  Ohio  Valley  are  composed  of  the 
disintegrated  fragments  of  various  kinds  of  rock. 

As  the  rocks  of  the  region  include  limestones,  sandstones,  and  shales, 
it  might  be  expected  that  each  kind  of  rock  would  yield  a  residual  soil 
distinctive  in  type,  but  this  is  not  always  the  case.  Residual  soils 
from  limestones  are  largely  due  to  solution,  and  this  chemical  action 
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leaves  behind  it  the  insoluble  sand  and  clay  which  was  in  the  original 
rock.  A  soil  derived  from  the  calcareous  shale  may  be  much  the 
same  as  one  derived  from  a  clayey  limestone,  and  a  calcareous  sand- 
stone may  produce  a  soil  which  differs  little  from  one  derived  from  a 
siliceous  limestone.  The  formation  of  the  limestone  soils  requires  the 
decomposition  of  a  large  amount  of  the  original  rock,  for  the  sand  and 
clay  which  make  the  soil  usually  form  but  a  small  percentage  of  the 
rock.  The  formation  of  soils  from  the  shales  or  sandstones  requires 
little  besides  the  mechanical  disintegration  of  the  rock  and  very  slight 
loss  of  volume  results. 

The  statement  made  by  many  geologists  that,  as  the  residual  soils 
are  derived  from  the  underlying  rock,  a  geologic  map  is  a  good  soil 
map,  may  or  may  not  be  true,  depending  entirely  upon  the  units 
chosen  as  a  basis  for  mapping  If  the  formation  mapped  is  in  part 
siliceous  limestone  and  in  part  argillaceous  limestone,  the  soils  from 
these  two  phases  of  the  same  formation  may  differ  from  each  other 
more  than  they  differ  from  the  soils  derived  from  sandstones  and 
shales,  respectively. 

The  classification  of  soils  into  types  may  also  be  based  on  texture, 
structiu'e,  color,  content  of  organic  matter,  topography,  and  similarity 
of  origin.  The  most  important  properties  used  in  determining  the 
soil  type  are  the  texture,  which  depends  on  the  size  of  the  soil  particles, 
and  the  structure,  which  depends  on  the  arrangement  of  these  particles. 
Where  a  number  of  types  are  so  closely  related  in  source  of  material, 
method  of  formation,  topographic  position,  and  color  that  they  grade 
one  into  another,  they  form  a  soil  series.  The  soil  series  of  the  Ordo- 
vician  limestones  and  interbedded  shales  has  been  called  by  the 
United  States  Bureau  of  Soils'*  the  Ilagerstown  series. 

In  the  Blue  Grass  region  the  types  based  on  texture  include  stony 
clay,  loam,  and  clay,  and  there  are  in  addition  phases  of  sandy  loam 
and  small  areas  of  clay  loam.  The  correlation  of  the  Blue  Grass  soils 
derived  from  the  Ordovician  formations  has  not  yet  been  completed, 
but  they  represent  various  textures  which  agree  roughly  with  the 
textures  of  the  different  types  in  the  Ilagerstown  series. 

DISTRIBUTION  OP  SOILS. 

The  stony  clay  is  found  over  considerable  areas  of  the  Eden  shale 
and  Maysville  and  Kichmond  formations.  It  consists  of  a  clayey  soil 
containing  many  fragments  and  occasional  outcrops  of  limestone,  and 
it  occurs  on  the  valley  slopes  in  eroded  areas  of  the  formations  men- 
tioned. This  soil  produces  good  crops  of  com,  wheat,  and  tobacco, 
but  its  stony  character  and  its  marked  tendency  to  erode  adapts  it 
better  to  grass  and  timber. 


a  U.  8.  Dept.  Agr.,  Bureau  of  Soils,  Soil  Survey  Field  Book,  1906,  pp.  124-127. 
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The  sandy  loam  found  in  the  Ohio  Valley  is  formed  from  the  allu- 
vium of  the  terraces.     In  some  parts  of  the  Ohio  Valley  the  sand 
of  the  terraces  has  been  reworked  by  the  winds  trnd  formed  into 
ridges  and  dunes.    The  sandy  loam  also  occurs  on  the  sandstones  of 
the  Waverly  shale  and  in  places  on  the  Garrard  sandstone  member  of 
the  Eden  shale,  this  phase  being  derived  from  the  disintegration  of 
the  sandstones.     In  the  Ohio  Valley  this  soil  occupies  areas  of  slight 
relief  and  is  subjected  to  httle  erosion,  but  the  residual  soils  of  the 
sandstones  commonly  occur  in  deeply  dissected  areas  and  are  sub- 
ject to  rapid  erosion.     Soil  of  this  type  is  well  adapted  to  truck  farm- 
ing, but  is  rather  too  light  and  sandy  for  general  farming.     The  sandy 
loam  of  the  Garrard  sandstone  member  of  the  Eden  shale  is  said  to 
produce  good  crops  where  the  land  is  not  too  hilly  for  successful 
cultivation. 

The  loam  soils  of  the  Blue  Grass  region  occur  on  the  Lexington 
and  Highbridge  limestones,  and  in  limited  areas  on  the  more  cal- 
careous phases  of  the  Maysville  and  Kichmond  formations.  Small 
areas  of  loam  are  also  found  in  the  Ohio  Valley.  The  upland  loam 
is  derived  from  the  decomposition  of  the  Ordovician  limestones,  and 
is  the  finest  blue-grass  soil.  It  has  gently  rolling  topography  and 
is  adapted  to  a  large  variety  of  crops,  the  principal  ones  being  blue 
grass,  com,  wheat,  tobacco,  and  hemp.  This  soil,  especially  where 
derived  from  the  Lexington  limestone,  produces  fine  blue-grass  pas- 
tures, and  on  it  are  located  the  breeding  farms  which  have  made 
Kentucky  famous  for  fine  horses.  The  small  areas  of  loam  in  the 
Ohio  Valley  are  well  adapted  to  general  farming,  but  they  do  not 
equal  the  upland  areas  in  value. 

The  clay  soils  occupy  large  areas  on  the  Maysville  and  Kichmond 
formations,  the  Eden  shale,  the  Winchester  limestone,  and  Siluro- 
Devonian  rocks,  and  small  areas  also  occur  in  the  Ohio  Valley. 
These  soils  vary  greatly  in  value,  the  best  types  being  formed  from 
the  decomposition  of  the  rocks  of  the  Maysville,  Richmond,  and 
Winchester  formations.  The  topography  of  the  areas  of  clay  soil 
varies  greatly.  The  best  soils  are  usually  situated  in  the  gently 
rolling  areas.  On  the  soils  derived  from  the  Winchester  limestone 
corn,  tobacco,  hemp,  and  grass  are  the  principal  crops.  The  Mays- 
ville and  Richmond  soils  produce  excellent  crops  of  com,  wheat,  and 
tobacco,  some  of  the  hilly  areas  being  noted  for  their  fine,  white, 
hurley  leaf.  The  soils  derived  from  the  Siluro-Devonian  lime- 
stones are  excellent,  being  well  adapted  to  general  farming  and 
producing  good  crops  of  com,  wheat,  and  grass.  The  shales  of  the 
Siluro-Devonian  formations,  however,  yield  a  very  poor  soil,  which 
is  used  for  general  farming.  The  Eden  shale  usually  occupies  hilly 
areas,  and  its  soils  are  among  the  poorest  in  the  region.  They  are 
subject  to  rapid  erosion  and  are  best  adapted  to  the  production  of 
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^r-ass  and  timber.  In  many  parts  of  the  area  the  attempts  to  farm 
t-liese  soils  are  being  abandoned,  and  they  are  being  converted  into 
X>astures. 

The  loesslike  silt-loam  soils  are  intermediate  in  texture  between 

t.lie  loam  and  clay  loam.     They  consist  largely  of  silt,  with  clay  and 

sand  and  smaller  quantities  of  materials  of  a  coarse  grade.     These 

soils  occupy  a  strip  along  the  uplands  bordering  Ohio  River  and  are 

locally  of  considerable  value  for  agricultural  purposes,  especially  in 

northern  Boone  County.     In  most  places  the  area  occupied  by  these 

soils  does  not  exceed  4  or  5  miles  in  width,  and  it  is  nearly  every- 

^vrhere  underlain  by  glacial  materials,  although  it  reaches  a  short 

distance  beyond  the  glacial  boundary  and  laps  over  the  area  of 

residual  soils.     The  material  is  ordinarily  not  more  than  3  feet  thick, 

although  in  some  places  it  may  be  5  or  6  feet  thick. 

TEXTURE. 

The  great  value  of  the  soils  of  the  Blue  Grass  region  has  been  attrib- 
uted to  the  composition  of  the  rocks  from  which  they  are  derived, 
but  there  are  many  other  factors  that  affect  their  value.  The  most 
important  of  these  are  the  texture  and  the  drainage.  The  texture  of 
the  soil  depends  upon  the  size  of  its  particles,  and  this  is  determined 
by  means  of  a  mechanical  analysis.  The  following  table  shows  the 
size  of  the  soil  particles  in  the  Ilagerstown  soil  types  as  determined 
by  such  analyses.  Although  the  samples  for  these  analyses  were 
not  all  taken  from  the  Blue  Grass  region,  they  are  believed  to  be 
fairly  representative  of  the  principal  soil  types  which  occur  on  the 
Ordovician  rocks  of  the  area.  The  presence  in  the  soil  of  a  small 
amount  of  carbonate  of  lime  causes  the  aggregation  of  some  of  the 
soil  particles,  and  thus  their  character  is  slightly  modified,  but  the 
aggregation  is  probably  not  sufficient  to  make  any  great  change  in 
the  physical  composition  of  the  soil. 

Even  when  a  liberal  allowance  is  made  for  the  increased  size^f  the 
soil  grains  due  to  aggregation  of  the  smaller  particles,  it  is  clear  that 
the  openings  in  such  fine-grained  material  must  be  very  small.  These 
small  openings  prevent  the  soil  from  absorbing  water  rapidly,  but 
give  it  a  great  capacity  for  retaining  moisture  and  bringing  it  within 
the  reach  of  the  plant  roots  by  capillary  action.  The  small  size  of 
the  pores  also  brings  the  ground  water  in  contact  with  a  large  amount 
of  soluble  material  and  thus  favors  the  solution  of  the  phosphorus 
and  other  elements  of  plant  food  contained  in  the  rocks. 
88942— IRR  233—09 3 
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Table  2. — Textures  of  the  Hagerstown  soil  types. 
[Compiled  from  the  U.  S.  Department  of  Agrlcalture,  Bureau  of  Soils  Field  Book,  1906,  pp.  124-127.] 
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o  The  figures  at  the  top  of  the  columns  refer  to  the  diameter  of  the  soil  particles. 

t>  The  flgiu'es  in  the  various  columns  give  the  percentage  of  the  grains  of  different  diameters. 

DRAINAGE. 

Another  factor  which  influences  the  value  of  the  soils  of  the  Blue 
Grass  region  is  the  excellent  underdrainage  provided  by  the  crevices 
and  channels  in  the  rock.  Indeed,  if  it  were  not  for  the  removal  of 
the  excess  of  moisture  through  the  underground  drainage  channek 
the  fine-grained  soils  of  the  region  would  soon  become  so  filled  with 
water  that  plant  growth  would  be  greatly  hindered. 

CHEMICAL   COMPOSITION. 

The  remarkable  fertility  of  the  Blue  Grass  region  soils  has  generally 
been  attributed  to  the  compounds  of  phosphorus  contained  in  con- 
siderable quantities  in  the  Ordovician  limestones.  Although  the 
value  of  the  phosphates  is  unquestioned,  other  elements  are  recog- 
nized ^s  important  to  soil  fertility.  Carbon,  one  of  the  principal 
elements  which  enter  into  the  composition  of  plants,  is  supplied 
chiefly  by  carbonic  acid  from  the  air.  Oxygen  and  hydrogen,  the 
other  elements  which  are  abundant  in  plants,  are  supplied  by  water. 
In  addition  to  the  elements  mentioned  above,  certain  other  sub- 
stances, the  most  important  including  calcium,  magnesium,  sulphur, 
iron,  nitrogen,  phosphorus,  and  potassium,  must  be  obtained  from 
the  earth.  Some  of  these  are  needed  by  plants  in  such  small  quan- 
tities that  most  soils  contain  an  ample  supply,  but  the  last  three  are 
of  such  essential  value  that  it  may  become  necessary  to  add  them  to 
poor  soils  in  order  to  produce  large  crops. 

The  following  table  of  analyses  shows  that  the  elements  which 
enter  into  plant  composition  are  so  abundant  in  most  Kentucky 
soils  that  it  is  unnecessary  to  add  fertilizers.     The  amount  of  nitrogen 
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in  the  soils  was  not  determined,  but  as  it  is  largely  supplied  by  organic 
matter,  it  is  safe  to  conclude  that  where  the  analysis  of  Blue  Grass 
soils  shows  a  large  amount  of  organic  matter,  the  supply  of  nitrogen 
^will  usually  be  ample.  In  many  soils  this  organic  matter  represents 
tlie  accumulation  of  long  ages  preceding  the  advent  of  civilized  man 
and  the  beginning  of  cultivation  in  this  region.  As  the  nitrogen  is 
required  to  produce  plants,  careful  treatment  is  necessary  to  restore 
nitrogen  or  organic  matter  to  the  soil. 

The  phosphorus  and  potash  in  most  of  the  soils  were  supplied  by 
the  decomposition  of  the  calcareous  rocks  of  the  region,  and  the 
amount  of  each  was  determined  by  the  composition  of  the  original 
rock.     Thus,  the  decomposition  of  the  phosphatic  limestones  has 
produced  soils  rich  in  phosphorus.     The  amounts  of  potash  and  phos- 
phorus (stated  as  phosphoric  acid  in  the  tables)  should  be  compared 
Awith  the  amounts  in  Hilgard's  averages  of  466  soils  from  the  humid 
region  of  the  United  States,  which  are  also  shown  in  the  table.     The 
States  represented  in  making  up  Hilgard's  averages  and  the  number 
of  analyses  of  soils  from  each  are  as  follows:    North  Carolina,  20; 
South  Carolina,  11;   Georgia,  40;   Florida,  7;   Alabama,  50;   Missis- 
sippi, 97;  Arkansas,  38;  Kentucky,  185;  and  Louisiana,  18.    Although 
Kentucky  soils  averaged  outnumber  those  from  any  other  State,  the 
best  Kentucky  soils  were  not  included,  because  it  was  desired  to  use 
only  those  soils  which  were  not  derived  from  limestone. 

A  careful  comparison  of  the  analyses  of  Kentucky  soils  and  the 
averages  given  by  Hilgard  shows  that  Kentucky  soils  as  a  whole  are 
richer  than  the  average  in  those  mineral  elements  which  support 
plants.     While  the  siliceous  Waverly  and  siliceous  mudstone  (prob- 
ably Eden  shale)  soils  are  low  in  the  elements  of  plant  food,  the  soils 
of  the  Lexington  (Trenton)  and  Panola  (*'Comiferous*^)  formations 
are  very  much  richer  than  the  average,  and  practically  all  of  the 
analyses  appear  to  Represent  soils  which  are  better  than  the  average 
given  by  Hilgard.     In  comparing  the  analyses  of  the  soils  of  the 
Blue  Grass  region  with  each  other  the  superiority  of  the  Lexington 
(Trenton)  soils  is  very  evident.     From  an  examination  of  the  list  of 
analyses  used  in  making  the  averages,  it  appears  probable  that  some 
analyses  of  Winchester  and  Maysville  limestone  soils  were  included 
in  the  averages  of  Lexington  (Trenton)  soils.     This,  since  the  Win- 
chester and  Maysville  limestone  soils  are,  in  general,  poorer  than 
those  of  the  Lexington  (Trenton),  probably  means  that  the  averages 
are  lower  than  if  the  analyses  were  entirely  from  the  Lexington  soils. 
Notwithstanding  this  fact,  the  analyses  show  that  the  soils  are  very 
rich  in  plant  food,  and  experience  has  shown  that  their  natural  pro- 
ductivity is  high. 
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Table  3. — Chemical  cornposilion  of  Kentucky  soUs.^ 
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a  Peter,  Robert.  The  composition  of  the  soils,  limestones,  clays,  and  marls  of  Kentucky:  Kentorky  GeoL 
Survey,  2d  ser.,pt.  13.  vol.  5,  1885,  p.  113. 

b  HUgard,  E.  W.,  A  report  on  the  relation  of  soil  to  climate:  Weather  Bureau  Bull.  No.  3,  18K,  p.  St 
The  figures  given  above  are  adapted  from  Hilgard's  table;  lime  (presumably  CaO)  has  been  cakrulatod  to 
CaC03  for  comparison  with  Peter's  figures. 

The  Panola  C^Corniferous^')  soil  appears  to  be  exceptionally  good 
and  to  approach  most  nearly  the  high  average  of  the  Lexington  lime- 
stone soils.  The  Highbridge  (Birdseye)  and  Panola  (Upper  Silurian) 
soils  have  about  the  same  general  composition,  although  derived 
from  rocks  which  widely  differ  in  age,  in  appearance,  and  probably 
also  in  composition.  It  is  interesting  to  note  that  tlie  Ohio  shale 
(black  shale)  soils,  which  have  often  been  considered  very  poor, 
approach  the  average  soils  in  composition.  In  one  of  the  early 
reports  of  the  Kentucky  Geological  Survey^  Doctor  Peter  attributed 
the  low  productivity  of  this  soil  to  the  presence  of  too  much  water 
and  suggested  the  use  of  lime  to  render  the  clay  more  porous,  so  that 
the  excess  of  moisture  could  escape.  The  loess  soils,  which  are  fair 
when  measured  by  the  standards  of  the  average  soils,  are  considerably 
poorer  than  the  Lexington  (Trenton)  soils. 

SURFACE  WATERS. 

OHIO  RIVER. 

The  Ohio  makes  a  bend  northward  around  the  Blue  Grass  region, 
flowing  north  of  west  from  Maysville  to  Cincinnati  and  approxi- 
mately southwest  from  Cincinnati  to  the  southern  boundary  of  Old- 

a  Peter,  Kobert,  Chemical  analyses.  A,  pt.  2,  Kentucky  Oeol.  Survey,  1883,  p.  101. 
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ham  C!oimty,  and  forming  a  partial  boundary  of  10  out  of  30  coun- 
ties. Only  a  small  portion  of  the  area,  however,  drains  directly  into 
the  Ohio,  most  of  the  drainage  passing  first  to  one  of  the  principal 
tributaries.  Where  the  river  borders  this  region  its  channel  is  a 
trench  cut  into  the  Ordovician  rocks  to  a  depth  of  350  to  400  feet 
and  varying  in  width  from  one-fourth  mile  to  1  i  miles.  The  variation 
in  width  of  the  Ohio  channel  is  the  result  of  the  formation  of  a  single 
stream  channel  out  of  a  number  of  segments  of  different  streams  and 
tributaries. 

Between  Maysville  and  Louisville,**  a  distance  of  198  miles,  the 
Ohio  falls  54  feet,  an  average  fall  of  0.27  foot,  or  somewhat  more  than 
3  inches,  to  the  mile;  but  the  rate  of  fall  of  the  river  is  not  uniform, 
varying  from  0.2  foot  to  at  least  5  feet  to  the  mile  in  different  parts 
of  its  course,  increase  in  fall  commonly  occurring  where  the  river 
crosses  the  old  rock  divides.  The  velocity  of  the  stream  is  variable 
but  is  nowhere  high. 

Most  of  the  small  streams  of  the  region  are  steep  walled  and  have 
very  high  gradients,  and  the  consequent  rapid  nm-off  causes  corre- 
spondingly rapid  fluctuations  in  the  amount  of  water  entering  the 
main  streams.  Floods  are  very  common  on  the  Ohio,  the  gage  rec- 
ords at  Cincinnati  showing  that  the  river  has  passed  the  danger  Une 
(50-foot  stage)  just  23  times  in  the  forty-six  years  previous  to  1906. 
The  highest  stage  during  this  period  was  71.1  feet,  in  February,  1884, 
and  the  lowest  was  less  than  2  feet.  The  extreme  range  is  therefore 
neariy  70  feet,  but  the  usual  range  is  probably  not  much  more  than 
25  feet.  The  highest  floods,  as  a  rule,  occur  in  winter — in  February 
or  later — and  are  caused  by  the  melting  of  the  snow.  A  second  rise, 
produced  by  the  summer  rains  and  ordinarily  less  than  the  one  occur- 
ring in  the  winter,  takes  place  in  May  or  June.  The  autumn  rains 
produce  a  third  rise,  which  is  comparatively  small.  The  date  of  the 
autumn  rise  is  uncertain,  as  it  may  come  in  November  or  not  until 
late  in  December.  The  lowest  river  stages  are,  as  a  rule,  reached  in 
August  or  September,  and  they  generally  extend  into  October.  As 
a  result  of  recent  work  by  the  United  States  Government,  the  Ohio 
is  now  navigable  along  the  borders  of  the  Blue  Grass  region,  even  at 
very  low  water. 

KENTUCKY    RIVER. 

Kentucky  River  rises  in  the  mountainous  part  of  the  State  and 
flows  in  a  general  northwesterly  direction  across  the  Blue  Grass  region, 
passing  near  the  apex  of  the  Jessamine  dome.  Where  the  river  crosses 
the  resistant  Highbridge  limestone  its  gorge  is  generally  but  little 
wider  than  the  stream,  and  in  many  places  the  river  flows  between 


a  Gannett,  U.,  Profiles  of  rivers  in  tbe  United  States:  Water-Supply  Paper  r.  B.  Geol.  Survey  No.  44, 
1901,  pp.  41-48. 
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perpendicular  walls  of  the  limestone  300  feet  or  more  in  height.  A 
characteristic  view  of  this  gorge  is  shown  in  Plate  III,  A.  At  variou^i 
points  above  Frankfort  the  stream  is  bordered  by  rock  terraces  bear- 
ing narrow  strips  of  alluvium,  in  most  places  composed  of  fine  sainl 
with  a  few  layers  of  pebbles.  Below  Frankfort  the  alluvial  deposits 
are  more  extensive,  locally  forming  bands  more  than  one-fourth  mile 
wide.  In  areas  where  the  Kentucky  flows  through  rocks  of  the  Mays^- 
ville,  Eden,  and  Winchester  formations  the  slope  of  the  channel  is  as 
a  rule  comparatively  gentle.  The  contrast  between  the  precipitous 
walls  formed  by  the  Highbridge  limestone  and  the  gentle  slopes  of  the 
walls  in  the  Maysville  formation  is  beautifully  shown  on  the  northern 
edge  of  Madison  Coimty,  where,  by  reason  of  the  Kentucky  River 
fault,  the  river  passes  abruptly  from  one  of  these  formations  to  the 
other.  On  the  one  side  of  the  fault  the  cliffs  are  so  steep  that  it  ki 
impossible  to  ascend  them;  on  the  other  side  fields  of  com  extend 
down  the  gently  sloping  walls  to  the  flood  plain  of  the  river.  This 
change  from  one  type  of  valley  to  the  other  is  repeated  several  times 
as  the  river  meanders  back  and  forth  across  the  fault  line. 

From  Frankfort  to  the  mouth  of  the  river,  a  distance  of  65  miles. 
the  Kentucky  falls  42  feet,  or  7.2  inches  to  the  mile;  between  Frank- 
fort and  Beattyville,  a  distance  of  189  miles,  the  fall  is  184  feet,  or  at 
the  rate  of  nearly  1  foot  to  the  mile.  I^hroughout  the  Blue  Grass 
region  the  gradient  of  this  stream  is  comparatively  low,  but  toward 
the  mountains  it  increases  rapidly. 

The  largest  tributaries  of  the  Kentucky  in  the  Blue  Grass  region 
are  Dix  River  and  Eagle  Creek,  both  of  which  have  higher  gradients 
than  the  main  stream  at  the  points  of  junction.  The  fall  of  Dix  Riyer 
from  a  point  west  of  Lancaster  to  the  mouth  of  the  stream,  a  distance 
of  10  miles  in  a  direct  line,  is  not  far  from  300  feet.  The  minor 
branches  of  the  Kentucky  and  its  principal  tributaries  have  very 
steep  gradients,  some  of  them  descending  300  feet  or  more  from  the 
level  of  the  upland  to  the  main  stream  in  a  distance  of  3  or  4  miles. 
As  a  result  of  the  high  gradients  the  streams  show  quickly  the  effects 
of  rains,  the  water  reaching  maximum  heights  within  a  very  short 
time  after  a  storm.  Floods  are  very  common  on  the  Kentucky, 
though  the  range  in  stage  is  probably  not  great  as  compared  with 
that  of  the  Ohio  at  Cincinnati. 

LICKING  RIVER. 

Licking  River  heads  at  the  edge  of  the  mountains  and  flows  in  a 
direction  slightly  west  of  north  into  Ohio  River  opposite  Cincinnati. 
This  stream  has  cut  through  the  Ordovician  rocks  to  the  Lexington 
limestone  and  the  channel  is  in  many  places  steep  walled,  but  it  is,  as 
a  rule,  bordered  by  deposits  of  alluvium,  especially  along  the  lower 
course  of  the  stream. 


Digitized  by  VjOOQIC 


U.  ».   QEOLOOICAL  SURVEY  WATER-SUPPLY   PAPER   233      PLATE  I 


A.     KENTUCKY  RIVER  GORGE  SOUTH  OF  CAMP  NELSON,  KY. 


B.     AN  OPEN  SINK  HOLE  IN  CLARK  COUNTY.  KY. 
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The  gradient  of  Licking  Valley  has  not  been  determined,  but  it  is 
apparently  somewhat  greater  than  that  of  Kentucky  River.'  The 
tributaries  of  the  Lacking,  like  those  of  the  other  streams  of  the  region, 
bave  very  steep  slopes. 

MINOR  STREAMS. 

A  small  strip  along  the  western  edge  of  the  Blue  Grass  region  is 
drained  by  Salt  River.  The  streams  belonging  to  the  Salt  River  sys- 
tem are  all  small,  most  of  them  flow  only  a  part  of  the  year,  and  all  of 
them  fluctuate  rapidly  with  the  amount  of  rainfall. 

UNDERGROUND   WATERS, 

THE  SOURCE. 

The  water  that  falls  upon  the  land  in  the  form  of  rain  or  snow  either 
sinks  into  the  earth  or  flows  off  over  the  surface.  The  part  which 
sinks  into  the  ground  and  is  held  by  the  rocks  is  known  as  ground 
water;  that  which  flows  off  over  the  surface,  together  with  the 
ground  water  returned  to  the  surface  streams,  forms  what  is  called 
the  run-off.  A  part  of  both  ground  water  and  run-off  is  returned  to 
the  atmosphere  and  another  part  is  consumed  in  chemical  and 
organic  work. 

It  is  ea^y  to  imderstand  that  the  shallow  wells  derive  their  supplies 
from  rainfall,  for  the  process  of  absorption  by  the  more  or  less  porous 
soils  may  be  observed,  and  in  many  places  in  the  Blue  Grass  region 
the  storm  waters  may  be  seen  entering  the  underground  channels 
through  sink  holes.  The  connection  between  rainfall  and  the  water 
suppUed  by  deep  wells  is  not,  however,  so  apparent,  and  it  is  indeed 
possible  that  the  saline  waters  furnished  by  some  of  the  deep  wells 
were  taken  into  the  rocks  from  the  ocean  during  the  process  of  depo- 
sition ;  but  disregarding  the  origin  of  the  very  saline  waters,  it  may 
be  said  that  all  of  the  water  found  in  shallow  wells,  and  much  of  that 
in  de^p  wells,  is  derived  directly  from  rainfall. 

CONDITIONS  OF  OCCURRENCE. 

THE    WATER   TABLE. 

The  water  that  sinks  into  the  earth  descends  until  it  reaches  a 
level  where  the  underlying  rocks  are  already  completely  saturated. 
This  level  is  known  as  the  water  table,  and  its  form  and  depth  be- 
neath the  surface  vary  with  the  amount  of  rainfall,  the  relief  of  the 
surface;  and  the  resistance  which  the  rocks  offer  to  the  movement  of 
the  water.  In  arid  regions  of  low  relief  the  water  table  hes  far 
beneath  the  surface,  and  its  form  is  only  slightly  convex,  the  con- 
vexity being  greatest  in  the  materials  that  offer  the  most  resistance 
to  the  passage  of  the  water.     The  variation  in  convexity,  wliich  is 
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due  to  the  resistance  offered  by  the  rock  to  the  movement  of  the 
ground  water,  is  explained  by  the  fact  that  a  greater  slope  of  the 
water  surface  is  needed  to  overcome  an  increased  resistance.  In 
humid  regions  of  considerable  reUef  the  water  table  reproduces  with 
lesser  magnitude  the  inequalities  of  the  land  surface.  The  greater 
the  rainfall  and  resistance  the  nearer  the  approach  of  the  water 
table  to  the  surface.     . 

Wherever  the  water  table  intercepts  the  surface,  as  along  the  val- 
leys of  the  streams,  seeps  or  springs  are  formed,  and  the  lowering  of 
the  stream  channels  will  depress  the  water  table  except  where  im- 
pervious materials,  such  as  shales,  are  encoimtered.  Where  the 
porous  material  rests  on  dense  materials,  such  as  shale  or  clay,  the 
depression  of  the  water  table  ceases,  and  as  the  stream  deepens  its 
channel  springs  are  left  perched  on  the  side  of  the  valley.  Veatch  * 
has  given  the  name  ^* perched  water  tables"  to  the  water  tables  that 
are  left  above  the  dense  materials  by  the  deepening  of  the  stream 


^  y  Rprched  spring 


Figure  l.— A  perched  spring. 

channels.  It  is  proposed  to  extend  the  term  *' perched''  to  inciude 
springs  formed  where  such  water  tables  intersect  or  emerge  at  the 
surface.  Perched  springs  are  common  at  the  contact  of  some  of  the 
sandstone  beds  of  the  Waverly  shale  with  the  underlying  shale  beds. 
They  may  also  occur  at  certain  points  along  the  larger  streams  where 
beds  of  sand  and  gravel  rest  on  clay. 

In  a  large  part  of  the  Blue  Grass  region  there  is  no  general  water 
table,  but  a  water  table  exists  in  the  sandstones  of  the  Waverly 
shale,  in  alluvial  materials  along  the  larger  streams,  and  in  s^me 
partly  saturated  glacial  sands  and  gravels  on  the  uplands  of  northern 
Boone  and  Kenton  counties.  Locally,  in  various  parts  of  the  upland, 
a  porous  residual  soil  allows  the  formation  of  a  ground-water  level, 
but  these  areas  are  small  and  their  supply  of  water  is  Ukely  to  fail 
during  a  verj^  dry  season. 

The  passages  through  wliich  the  ground  waters  move  vary  with 
the  character  of  the  rock,  and  in  order  to  understand  underground- 
water  conditions  it  is  necessary^  to  consider  the  mode  of  occurrence 


o  Voatch,  A.  ('.,  IndtTground  wator  resources  of  Long  Island,  N.  Y.:  Prof.  Paper  U.  S.  Geol.  Sun-oy 
No.  4-1,  19()K,  pp.  57-58, 
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of  water  in  the  different  kinds  of  rocks  and  in  rocks  of  different  sorts 
arranged  in  alternate  layers  differing  in  thickness. 

•   WATER   IN   SAND,    GRAVEL,    AND   SANDSTONE. 

In  sand  the  water  moves  through  the  small  spaces  between  the 
grains;  hence  the  coarser  or  more  porous  the  material  the  larger 
the  passages  and  the  greater  the  amount  of  water  they  will  transmit. 

SHchter  ^  explains  the  effect  of  the  size  of  the  sand  grains  on  the 
movement  of  water  as  follows : 

If  the  particles  of  sand  or  gravel  which  make  up  the  water-bearing  medium  are 
well  rounded  in  form,  the  pores  are  somewhat  triangular  in  cross  section  and  the 
diameter  of  the  individual  pores  is  only  one-fourth  to  one-seventh  the  diameter  of  the 
soil  particles  themselves.  Thus  if  the  individual  grains  of  sand  average  1  millimeter 
in  diameter,  the  pores  through  which  the  water  must  pass  will  average  only  one- 
fourth  to  one-seventh  of  a  millimeter  in  diameter.  If  to  a  mass  of  nearly  uniform 
sand  particles  larger  particles  be  added,  the  effect  on  the  resistance  to  the  flow  of 
water  will  be  one  of  two  kinds,  depending  principally  upon  the  ratio  which  the  size 
of  the  particles  added  bears  to  the  average  size  of  grains  in  the  original  sand.  If  the 
particles  added  are  only  slightly  larger  than  the  original  sand  grains,  the  effect  is  to 
increase  the  capacity  of  the  sand  to  transmit  water,  and  the  more  particles  of  this  kind 
that  are  added  the  greater  will  be  the  increase  in  the  capacity  of  the  sand  to  transmit 
water.  If,  however,  large  particles  are  added,  the  effect  is  the  reverse.  If  particles 
seven  to  ten  times  the  diameter  of  the  original  sand  grains  be  added,  each  of  the  new 
particles  tends  to  block  the  course  of  the  water.  Thus,  for  example,  a  large  bowlder 
placed  in  a  mass  of  fine  sand  will  tend  to  block  the  passage  of  the  water.  As  more  and 
more  of  the  large  particles  are  added  to  a  mass  of  uniform  sand,  the  rate  of  flow  of 
water  through  it  will  be  decreased  until  the  amount  of  the  large  particles  equals  about 
30  per  cent  of  the  tota^mass.  From  this  time  on  the  adding  of  the  large  particles  will 
increase  the  capacity  of  the  whole  to  transmit  water,  until  if  a  very  large  quantity  of 
the  large  particles  be  added,  so  that  the  original  mass  of  fine  particles  becomes  rela- 
tively negligible,  the  capacity  to  transmit  will  approach  that  of  the  mass  of  the  large 
particles  alone.  These  facts  have  an  important  bearing  upon  the  capacity  of  gravels 
to  furnish  water  to  wells  or  to  transmit  water  in  the  underflow  of  a  river.  The  presence 
of  large  particles  is  not  necessary  to  be  interpreted  as  indicating  a  high  transmission 
capacity  of  the  material,  for  this  is  indicated  only  when  the  large  particles  constitute 
a  large  fractional  per  cent  of  the  total  mass,  as  would  be  the  case  where  the  large 
particles  equal  40  or  50  per  cent  of  the  whole. 

Sandstone,  having  had  some  of  the  passages  closed  by  the  cement- 
ing material  that  binds  the  grains  together,  is  less  porous  than  sand 
composed  of  grains  of  the  same  size  and  shape.  Sandstone  there- 
fore offers  much  greater  resistance  to  the  movement  of  water  and 
transmits  a  relatively  smaller  amount  than  sand.  This  condition  is 
often  partly  offset  by  the  joint  and  bedding  planer  which  may  furnish 
channels  for  the  passage  of  considerable  water. 

The  motion  of  underground  water  is  controlled  by  the  factors  that 
govern  the  motion  of  surface  water — resistance  and  slope.     As  the 


<*  Slichter,  Charles  S.,  Field  nn*asurpmcnt  of  tho  rate  of  niovempnt  of  underground  waters:  Water-Supply 
Paper  U.  8.  Oeol.  Survey  No.  140, 1895,  pp.  10-11. 
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water  which  moves  m  tmy  threads  between  the  grains  of  sand  meets 
with  a  great  deal  of  resistance  it  advances  but  a  few  feet  a  day; 
with  the  same  gradient  a  surface  stream,  because  of  the  compara- 
tively slight  resistance  offered  by  the  channel,  will  move  several 
miles  in  the  same  length  of  time. 

WATER  IN  LIMESTONE. 

JOINTS   AND   BEDDING   PLANES. 

Limestone  rocks  are  as  a  rule  traversed  by  at  least  two  sets  of  verti- 
cal joints  which  make  approximately  right  angles  with  each  other, 
and  a  third  set  of  partings  at  right  angles  to  these  joints  form  the 
bedding  planes  of  the  rocks.  The  spacing  of  joints  is  ordinarily  fairly 
uniform  over  considerable  areas,  and  the  interval  between  them  is 
commonly  to  be  measured  in  feet;  but  where  the  rocks  have  been 
deformed  the  joints  are  more  numerous.  The  bedding  planes  exhibit 
very  little  uniformity  of  arrangement;  an  interval  of  a  few  inches  may 
be  followed  by  one  of  much  greater  magnitude. 

Some  limestones  are  sufficiently  porous  to  absorb  considerable 
'quantities  of  water,  but  most  of  them  are  too  dense  to  yield  water  for 
wells  or  springs.  The  water  which  comes  from  limestones  is  usually 
that  which  has  found  its  way  in  along  more  or  less  enlarged  joints  or 
bedding  planes,  the  enlargement  being  due  to  the  solvent  action  of 
water.  Obviously  the  places  where  water  circulates  most  readily 
will,  other- things  being  equal,  suffer  most  loss  by  solution,  but  differ- 
ences in  the  solubility  of  the  rock  may  offset  the  effiect  of  rapid  circu- 
lation. Doubtless  the  most  common  line  of  rapid  solution  is  at  the 
intersection  of  a  prominent  bedding  plane  and  a  more  or  less  open 
joint. 

FORMATION    OP  CAVERNS. 

Not  only  is  slight  resistance  to  solution  offered  along  certain  lines> 
but  in  certain  spots,  owing  to  the  presence  of  numerous  open  joints 
or  to  the  solubility  of  the  rock,  very  large  chambers — "domes" — are 
^  formed.  It  is  noticeable  that  ''domes''  are  the  points  at  which  con- 
siderable water  enters  the  underground  channel.  This  water,  coming 
fresh  from  the  surface,  is  charged  with  a  great  amount  of  carbonic 
acid  and  it  attacks  the  limestone  about  the  point  of  entrance;  as  it 
flows  fartbfer  and  farther  from  the  point  of  entrance  it  loses  its  power 
to  dissolve  the  rock,  because  it  has  gradually  picked  up  as  large  an 
amount  of  calcium  carbonate  es  it  can  carry. 

As  the  belt  of  rapid  solution  is  restricted  to  the  zone  of  active  water 
circulation,  the  formation  of  caverns  takes  place  largely  above  the 
level  of  the  surface  streams  that  receive  the  underground  drainage; 
but  this  does  not  imply  that  there  is  no  deep-seated  solution  or  that 
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a43tive  circulation  may  not  extend  slightly  below  the  level  of  surface 

drainage.     As  solution  progresses  some  parts  of  the  walls  and  roof  of 

tlie  solution  cavities  collapse  and  sink  holes  are  formed.     If  the 

ohannel  beneath  the  point  of  collapse  is  large  in  proportion  to  the 

stinount  of  material  which  falls,  the  sink  is  usually  an  open  hole;  but 

if  the  amount  of  fallen  material  is  sufficient  to  clog  the  channel,  the 

sink  appears  as  a  rounded  depression  that  has  no  outlet.     The  fallen 

material  may  obstruct  the  opening  so  that  the  stream  appears  at  the 

surface,  or  it  may  leave  a  passage  which  will  allow  the  drainage  to 

continue  underground.     In  this  event  the  gradual  wearing  of  the 

stream  may  remove  enough  of  the  fallen  material  to  form  an  open  sink. 

In  the  process  of  deepening  its  valley  a  stream  lowers  the  base-level 

of  its  tributaries  and  thus  affords  them  an  opportunity  to  degrade 

their  channels.     When  the  tributaries  flow  in  caverns  they  lower  their 

channels  along  some  joint  plane,  and  the  process  goes  forward  most 

rapidly  along  some  particular  line  in  the  same  manner  as  during  the 


Figure  2.— Diagram  of  a  cavern,  showing  different  levels  of  the  underground  stream. 

formation  of  the  original  cavern.  At  certain  places  where  there  is 
rapid  downward  movement  from  the  old  to  the  new  channel  more  or 
less  rounded  openings  develop.  These  openings  provide  a  passage 
from  the  old  to  the  new  cavern  and  are  usually  called  ^'pits.^'  They 
often  form  beneath  the  domes,  their  location  being  determined  in  part 
by  the  presence  of  initial  crevices  and  in  part  by  the  same  condition 
that  produced  the  dome,  namely,  the  entrance  of  surface  water  bearing 
considerable  free  carbonic  acid.  (See  A,  B,  fig.  2.)  Doubtless  the 
formation  of  caverns,  and  especially  of  pits  and  domes,  is  aided 
by  the  mechanical  action  of  the  water,  especially  where  it  contains 
sediment. 

As  long  as  the  lower  channel  or  the  passages  leading  to  it  are  com- 
paratively small  the  old  cavern  retains  a  large  part  of  the  drainage. 
With  the  enlargement  of  the  new  cavities  the  old  channel  receives  less 
and  less  of  the  original  drainage,  until  it  is  entirely  deprived  of  its 
original  headwaters  except  during  storms,  and  at  last,  when  the  new 
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channels  have  become  sufficiently  enlarged,  the  old  channel  receives 
only  the  drainage  of  its  local  tributaries. 

Migration  from  higher  to  lower  levels  may  take  place  at  successive 
periods,  leaving  a  series  of  abandoned  channels  at  different  levels. 
The  course  of  the  underground  stream  at  each  successive  stage  prol>- 
ably  deviates  more  or  less  from  the  course  of  the  abandoned  channel. 
Moreover,  the  course  may  not  lie  in  a  single  channel,  but  passages 
may  divide  and  reunite,  forming  a  more  or  less  extensive  network 
of  channels. 

After  a  section  of  the  underground  stream  has  been  abandoned  the 
amount  of  water  entering  the  old  channel  becomes  less  and  less  until 
it  is  chiefly  confined  to  small  seeps.  At  this  stage  much  of  the  water 
is  removed  by  evaporation,  so  that  solution  gives  place  to  deposition, 
the  principal  deposit  being  calcium  carbonate.  At  first  deposition  is 
rapid,  because  the  crevices  are  large  enough  to  supply  all  the  water 
that  can  be  evaporated;  but  gradually,  as  the  openings  become  closed, 
the  rate  of  deposition  decreases.  The  deposits  present  a  great  vaifety 
of  forms  which  add  to  the  beauty  of  the  caverns.  The  most  comihon 
types,  the  stalactite  and  stalagmite,  are  familiar  to  all  who  feive 
visited  caverns.  The  stalactite  begins  as  a  thin  film  of  calcium  "cai^ 
bonate  around  the  edge  of  a  drop  of  water  which  evaporates  oa  the 
roof  of  the  cavern.  Upon  this  film  as  a  nucleus  successive  additions 
are  made  until  the  stalactite  resembles  a  giant  icicle  suspended  from 
the  roof  of  the  cavern.  The  accumulations  of  calcium  carbonate 
which  form  where  the  water  evaporates  on  the  floor  of  the  cavern  are 
known  as  stalagmites.  By  the  union  of  stalactites  and  stalagmites 
pillars  are  formed. 

If  a  shale  bed  is  encountered  by  the  water  in  its  downward  progress 
a  cavern  is  usually  formed  above  it,  and  if  the  shale  bed  is  some  dis- 
tance above  the  level  of  the  surface  stream  which  receives  the  drain- 
age from  the  cavern  the  water  may  emerge  from  the  cliff  above  the 
surface  stream.  The  mechanical  wear  of  the  underground  stream 
may  remove  the  shale  at  some  point,  and  thus  permit  the  formation 
of  another  cavern  nearer  the  level  of  the  surface  stream.  If  the 
shale  bed  is  of  considerable  thickness  the  downward  migration  of 
the  water  may  be  permanently  obstructed.  The  lowering  of  the 
channels  of  the  surface  streams  usually  takes  place  much  more 
rapidly  than  the  lowering  of  the  underground  streams.  In  conse- 
quence of  this  fact  the  underground  streams  may  remain  consider- 
ably above  the  level  of  the  surface  streams  even  where  there  are  no 
beds  of  shale  or  other  dense  material  to  prevent  downward  nugra- 
tion. 

SMALL   WATER   PASSAGES. 

In  all  limestone  regions  there  are  water  passages  below  the  levels 
of  the  surface  streams.     In  some  places  the  openings  are  simply  small 
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pores  in  the  limestone,  but  in  the  Blue  Grass  region  they  appear  to 
be  channels  which  closely  resemble  the  caverns.  Vein  deposits  are 
formed  in  these  passages,  and  where  exposed  by  erosion  they  present 
forms  closely  resembling  those  found  in  ordinary  caverns.  When 
penetrated  by  drilling  the  small  wuter  passages  supply  an  abundance 
of  water  which  is  usually  under  considerable  head,  indicating  that  the 
channel  is  covered  by  impervious  rock.  The  direction  of  movement 
in  these  channels  probably  conforms  roughly  to  the  dip  of  the  rock, 
which  in  the  Blue  Grass  region  is  away  from  the  apex  of  the  Jessa- 
mine dome.  In  this  region  these  channels  usually  contain  water  that 
is  more  highly  mineralized  than  that  of  the  caverns. 

WATER   IN    SHALE. 

Shale,  being  composed  largely  of  clay,  contains  practically  no 
available  water  except  that  found  in  the  joints  and  bedding  planes. 
The  number  and  character  of  the  joints  and  bedding  planes  in  shale 
vary  in  different  formations  and  in  different  parts  of  the  same  forma- 
tion. The  water  that  enters  the  joints  of  the  shale  passes  downward 
to  the  zone  at  which  these  openings  practically  cease  and  then  moves 
laterally  until  it  reaches  the  point  of  emergence.  Near  the  surface 
the  bedding  planes  may  be  sufficiently  open  to  allow  the  passage  of 
considerable  water,  but  at  moderate  depths  they  are  closed  so  that 
they  transmit  little  or  no  water. 

WATER   IN    INTERBEDDED   LIMESTONE   AND   SHALE. 

The  amount  and  mode  of  occurrence  of  underground  water  in 
mterbedded   limestone   and   shale   vary   greatly   with    the   relative 
amounts  of  the  two  kinds  of  rocks  and  the  relations  they  bear  to 
each  other  and  to  the  surface.     In  a  formation  with  a  high  percent- 
age of  limestone  and  thin  scattered  beds  of  shale  the  underground 
circulation  is  essentially  the  same  as  that  in  pure  limestone;  in  a 
heavy  deposit  of  shale  containing  thin  beds  of  limestone  underground 
water  occurs  essentially  as  in  shales.     For  the  sake  of  simpUcity  con- 
sideration will  here  be  restricted  to  the  occurrence  of  water  in  a  series 
consisting  of  equal  parts  of  shale  and  limestone  arranged  in  alter- 
nating layers  not  exceeding  6  inches  in  thickness.     Under  such  con- 
ditions the  surface  water  may  penetrate  the  rocks  by  passing  along 
the  joints  which  cross  the  beds,  or  it  may  follow  along  a  joint  in  one 
or  more  beds,  thus  conforming  to  the  dip  of  the  rock.     Probably  in 
naost  such  formations  the  actual  movement   combines   these   two 
methods.     Water  enters   a  joint  near   the   surface   and   percolates 
downward  until  its  course  is  obstructed  by  the  gradual  decrease  in 
the  width  of  the  opening.     If  there  were  no  means  of  escape  laterally 
the  movement  would  cease  as  soon  as  the  crevice  was  filled;  but  in 
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general  a  lateral  movement  along  the  joint  allows  a  slow  nioveiii£3it 
of  the  water.  The  lateral  movement  naturally  follows  the  largest 
crevice,  and  this  may  lead  to  frequent  change  from  one  series  of 
joints  to  the  other,  or  the  movement  may  continue  along  a  siiigte 
joint. 

The  movement  of  the  water  tends  to  enlarge  the  joints  by  mechAD- 
ical  wear,  but  as  the  circulation  is  usually  slow  the  amount  of  enlarge- 
ment is  slight.  The  solvent  power  of  the  water  tends  to  enlarge  the 
joints  along  the  beds  of  limestone,  but  as  these  beds  are  thin  the 
height  of  the  channel  produced  by  solution  is  small. 

The  tendency  of  the  shale  to  sink  into  any  cavity  which  may  be 
formed  by  solution  restricts  the  width  of  the  channel.  The  lenticular 
shape  of  many  of  the  limestone  beds  presents  another  obstacle  to  the 
formation  of  underground  passages  by  solution.  As  a  result  of  all 
these  factors  the  underground  channels  in  interbedded  shales  and 
limestones  are  small. 

Where  the  downward  movement  of  the  water  is  checked  by  a 
heavy  bed  of  shale  the  water  usually  follows  the  dip  of  the  shale  bed, 
and  under  some  conditions  this  movement  may  be  away  from  the 
surface  stream.  An  example  of  such  movement  was  noted  in  north- 
western Franklin  County.  Where  the  water  follows  the  dip  it  is 
generally  confined  by  the  overlying  shale  and  it  continues  its  under- 
ground course  until  it  reaches  some  point  of  escape  at  lower  level. 

The  occurrence  of  springs  above  the  level  of  the  main  streams  was 
mentioned  in  connection  with  the  formation  of  caverns,  but  it  needs 
special  mention  here  because  such  springs  are  very  common  in  for- 
mations consisting  of  interbedded  limestones  and  shales.  The  water 
which  enters  the  joints  passes  downward  until  it  reaches  a  layer  of 
shale  which  contains  no  crevice,  and  follows  this  layer  to  the  point  at 
which  it  emerges  at  the  surface.  The  most  usual  course  for  the 
water  which  supplies  these  springs  is  along  the  contact  of  a  limestone 
layer  with  the  underlying  shale.  These  springs  are  most  common 
along  Ohio  River,  but  they  occur  also  along  the  other  streams  in  the 
Blue  Grass  region.  Their  height  above  the  streams  varies  from  a 
few  feet  on  some  of  the  smaller  streams  to  more  than  300  feet  along 
the  Ohio  and  other  large  rivers.  These  springs  have  the  same  topo- 
graphic position  as  the  perched  springs,  but  the  mode  of  occurrence 
of  the  water  is  different. 

SPECIAL   CONDrriONS   IN   THE-  BLUE   GRASS   REGION. 
WATER   IN   THE    HIGHBRIDGE   AND   LEXINGTON   LIMESTONES. 

Wdter  channels, — The  Highbridge  limestone  forms  the  surface  rock 
in  but  few  localities  in  the  Blue  Grass  region,  and  in  those  areas  the 
topography  is  rugged  and  the  soils  are  as  a  rule  thin.     The  formation 
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therefore  contains  but  few  large  underground  streams;  most  of  the 
water  channels  in  it  are  small.  Along  Kentucky  •River  gorge,  how- 
ever, some  of  the  channels  form  good-sized  caverns,  those  best  known 
being  at  Glares  Mill,  Valley  View,  Highbridge,  and  Camp  Nelson. 

The  Lexington  limestone,  except  in  the  vicinity  of  large'  surface 
streams,  occupies  areas  having  gently  rolling  topography  and  a  heavy 
deposit  of  porous  soil.  These  conditions  favor  the  occurrence  of  a 
Uige  amount  of  imderground  water  and  the  development  of  exten- 
sive systems  of  imderground  drainage,  and  the  formation  contains 
innumerable  small  channels  and  many  large  caverns.  Indeed,  most 
of  the  counties  in  which  this  limestone  covers  a  large  area  can  boast 
one  or  more  caverns.  The  best  known,  and  probably  the  largest  of 
these,  is  the  Russell  cave,  in  Fayette  Coimty,  which  is  reported  to 
have  been  explored  for  nearly  a  mile.  Several  of  the  other  caverns 
in  the  Lexington  limestone  have  been  explored  shorter  distances. 
Most  of  these  caverns  contain  streams,  many  of  which  give  rise  to 
large  springs.  Few  of  the  caverns  are  accessible  except  in  dry 
weather,  and  none  of  them  are  highly  ornamented  by  stalactites  or 


FiGUBE  3.— Diagram  showing  difference  in  conditions  in  adjacent  wells  in  limestone. 

other  deposits.  The  small  underground  channels  that  lie^above  the 
level  of  surface  drainage  also  give  rise  to  many  springs.  Below  the 
level  of  the  surface  drainage  the  underground  channels  in  the  Lexing- 
ton limestone  are  apparently  small,  but  most  of  them  seem  to  be  full 
of  water,  while  the  channels  nearer  the  surface  are  practically  never 
entirely  filled. 

WeUs, — ^The  Highbridge  limestone  is  penetrated  by  but  few  shallow 
wells  and  most  of  the  deep  wells  sunk  in  it  obtain  mineral  water. 
More  than  95  per  cent  of  the  drilled  wells  of  the  upland  obtain  water 
from  the  Lexington  limestone.  The  possibility  of  procuring  water 
depends  entirely  on  the  chance  of  encountering  one  of  the  under- 
ground channels.  In  some  localities  few  wells  fail  to  procure  an  ade- 
quate supply;  in  others  many  failures  are  reported.  The  mode  of 
occurrence  of  the  mineralized  waters  makes  it  uncertain  whether  they 
will  be  encountered  in  any  particular  well,  and  in  two  wells  located 
near  together  they  may  be  found  at  very  different  depths  (fig.  3). 
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In  general  they  may  be  looked  for  at  less  depth  in  the  valleys  than  on 
the  hills,  but  to  this  rule  there  are  likely  to  be  many  exception. 
Wherever  the  Lexington  and  Highbridge  limestones  are  covered  by 
younger  formations  they  yield  only  the  highly  mineralized  wateis. 
Ignorance  of  this  fact  has  led:  to  the  sinking  of  deep  wells  in  the  area* 
of  Maysville  limestone  with  the  hope  of  obtaining  waters  for  donicstk 
and  industrial  uses.     Such  wells  are  almost  certain  to  be  failures. 

Quality  of  the  water, — ^The  water  in  the  channels  which  are  situated 
above  the  level  of  the  surface  drainage  is  practically  always  hani, 
but  the  hardness  varies  with  the  amoimt  of  rainfall,  being  greatest 
in  dry  weather  and  least  after  heavy  rains.  This  condition  is  readilj 
explainable,  for  in  dry  weather  nearly  all  the  water  seeps  in  througk 
the  soil  and  the  velocity  of  the  underground  stream  is  low,  while  dur- 
ing heavy  rains  much  water  enters  through  open  sinks  and  the  stream 
velocity  is  high.  When  the  water  enters  from  the  soil,  the  subsoil, 
or  the  imderlying  rock  it  contains  carbonic  acid,  which  enables  it  to 
dissolve  the  material  in  the  residual  deposits  and  the  limestone.  The 
slow  movement  in  the  underground  channel  facilitates  solution,  but 
when  the  water  enters  through  open  sinks  it  contains  less  carbonk 
acid  and  the  rapid  movement  of  the  flood  waters  does  not  favor  solu- 
tion. The  substances  most  conmionly  found  in  the  shallow  waters 
are  calcium  and  magnesium,  but  a  number  of  other  substances  are 
present  in  smaller  quantities. 

The  plane  of  separation  between  the  shallow  and  deep  waters  coin- 
cides roughly  with  the  levels  of  surface  drainage^  rising  slightly  above 
the  level  of  the  surface  streams  toward  the  divides  and  sinking 
slightly  below  the  streams  in  the  valleys.  Where  the  surface  streams 
flow  in  canyons  the  deep  waters  are  often  found  above  the  levels  of  the 
surface  streams.  The  deep  waters  in  the  Lexington  and  Highbridge 
limestones  always  contain  considerably  more  mineral  matter  in  solu- 
tion than  the  shallow  waters,  and  some  of  them  appear  to  contain 
alkaline  carbonates.  (See  analyses  Nos.  24  and  25,  p.  212.)  These 
highly  mineralized  waters,  which  for  the  sake  of  brevity  will  be 
termed  ^'mineral  waters,''  occur  in  small  areas  of  porous  limestone  or 
in  channels  that  pass  below  the  levels  of  the  surface  drainage.  Rapid 
movement  of  the  underground  water  is  prevented  by  the  situation  of 
the  channels  and  porous  rock,  and  in  many  places  the  water  is  proba- 
bly stationary;  thus  the  water  may  remain  in  contact  with  the  rock 
for  a  long  time  and  dissolve  out  much  mineral  matter.  Such  wateis 
are  especially  likely  to  be  brackish  or  salt  and  to  contain  hydrogen 
sulphide  or  petroleum. 

Practically  all  the  channels  are  supplied  with  water  from  the  siu^ 
face,  and  when  penetrated  by  wells  the  mineralized  water  may  be 
replaced  by  the  ordinary  hard  limestone  water  after  the  well  has  been 
pimiped  for  a  time.    The  length  of  time  required  to  make  this  change 
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Taries  from  two  or  three  weeks  to  a  year  or  more,  being  influenced  bj 
the  rate  of  piimping,  the  size  of  the  channel,  and  the  distance  of  tho 
well  from  the  point  at  which  the  water  enters  the  ground.  Rarely  the 
diAracter  of  the  water  does  not  change  after  long-continued  pumping. 

The  numerous  joints  in  the  limestone  probably  furnish  a  natural 
me^aDs  of  escape  for  the  mineral  waters,  but  the  amount  escaping  from 
a  channel  must  as  a  rule  be  less  than  that  taken  out  by  an  ordinary 
well.  The  almost  universal  connection  of  the  channels  with  the  sur- 
face, which  is  indicated  by  the  entrance  of  surface  water  after  pumping, 
shows  that  the  water  is  probably  derived  from  meteoric  sources,  the 
nuDeralization  being  due,  as  suggested,  to  the  slow  circulation  of  the 
water  and  the  great  length  of  time  it  remains  in  contact  with  the  solu- 
ble materials  of  the  limestone. 

Within  10  or  15  miles  of  Kentucky  River  the  shallow  waters  have 
been  moving  downward  during  the  erosion  of  the  gorge  of  that  stream. 
This  movement,  which  has  been  accomplished  in  the  manner  described 
under  the  occurrence  of  waters  in  limestone,  has  made  it  possible  to 
procure  some  ordinary  hard  water  below  the  level  of  the  surface 
streams.  Where  the  channel  containing  the  mineral  water  has  been 
severed  by  the  deepening  of  the  main  stream  and  water  from  the  sur- 
face allowed  to  enter,  the  result  has  been  the  same  as  when  one  of 
these  channels  has  been  penetrated  by  a  well  and  the  mineral  water 
has  been  removed  by  pumping. 

The  general  movement  of  the  deep  water  appears  to  be  in  the 
direction  of  the  dip  of  the  rocks,  and  consequently  the  mineral  waters 
of  the  region  pass  outward  from  the  central  area  of  the  Highbridge 
and  Lexington  limestones.  This  outward  movement  carries  tho 
mineral  waters  into  those  areas  where  the  Lexington  and  Highbridge 
limestones  lie  beneath  the  younger  geologic  formations. 

WATEB  IN  THE   WINCHESTER  LIMESTONE. 

Water  is  found  in  the  Winchester  limestone  under  conditions 
resembling  those  in  the  Lexington  limestone,  except  where  the  for- 
mation contains  a  high  percentage  of  shale.  Channels  of  suflicient 
size  to  be  called  caverns  are  not  known  in  this  formation,  but  where 
the  limestone  layers  are  exposed  at  the  surface  they  yield,  as  a  rule, 
considerable  water. 

The  shallow  waters  of  the  Winchester  are  the  ordinary  hard  waters 
of  limestone  rocks;  the  deep  waters  are  saline  and  locally  contain 
hydrogen  sulphide. 

WATER   IN   THE   EDEN   SHALE. 

The  outcrops  of  Eden  shale  occur  in  areas  of  rugged  topography 
unfavorable  for  the  absorption  of  large  amounts  of  water.     The  for 
mation  presents  three  phases:  (1)  Nearly  pure  shale,  (2)  intorbedded 
88942— IRR  233—09 1 
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mineral  matter  and  is  called  "soft,"  but  the  presence  of  lime  in  the 
sandstone  may  cause  it  to  yield  hard  water. 

WATEB  IN  THB  MATSVILLE  AND  RICHMOND  FORMATIONS. 

The  outcrops  of  the  Maysville  and  Richmond  formations  have  a 
gently  rolling  surface  over  considerable  areas,  and  the  topography 
thus  favors  the  retention  of  residual  soils  and  the  absorption  of  large 
quantities  of  water.  The  soils  are  somewhat  porous  where  they  are 
derived  from  the  limestone  layers  of  the  formations,  but  are  dense 
where  they  result  from  the  disintegration  of  the  shales,  and  they 
therefore  have  lower  storage  capacity  for  water  than  the  soils  of  most 
limestone  areas. 

Underground  water  occurs  in  the  Maysville  formation  essentially 

as  in  interbedded  limestones  and  shales.     The  more  shaly  parts  of 

the  formation  present  conditions  much  like  those  in  shale;  where  the 

formation  contains  heavy  beds  of  limestone  which  are  near  the  surface, 

the   imderground  water  conditions  resemble  those  in  limestones. 

Thus,  although  certain  parts  of  the  Maysville  contain  but  little  more 

water  than  the  Eden  shale,  there  are  other  parts  in  which  small 

caverns  are  found,  and  these  parts  supply  considerable  water.     The 

presence  of  the  caverns  is  usually  indicated  by  a  number  of  small 

sinks,  which  are  especially  noticeable  near  Burlington,  in  Boone 

Ck)unty,  although  they  may  also  be  foimd  in  many  other  parts  of  the 

area.    Locally,  these  heavy  beds  of  limestones  are  capped  by  several 

feet  of  shale,  and  where  this  occurs  the  limestones  receive  very  little 

water.     Such  conditions  obtain  in  the  vicinity  of  Richmond,  Madison 

County. 

Water  conditions  in  the  Richmond  formation  are  much  like  those 
in  the  Maysville,  but  as  at  many  places  the  Richmond  carries  much 
shale  the  amoimt  of  its  underground  water  is  locally  small.  The 
heavy  beds  of  limestone  in  the  upper  part  of  the  Richmond  afford 
conditions  favorable  for  the  formation  of  caverns,  and  numerous  sinks 
and  springs  indicate  the  presence  of  large  underground  channels. 
This  phase  of  the  Richmond  formation  is  practically  restricted  to 
western  Trimble  and  Oldham  counties. 

Drilled  wells  in  the  Maysville  and  Richmond  formations  have  been 
remarkably  successful  in  some  localities,  a  well  in  the  vicinity  of 
Flemingsburg,  Fleming  County,  affording  a  conspicuous  example. 
In  general,  however,  there  is  small  chance  of  obtaining  enough  water 
for  a  farm  from  drilled  wells  in  either  of  these  formations.  It  is 
seldom  advisable  to  sink  a  well  more  than  50  feet,  and  100  feet  should 
be  the  maximum,  because  in  the  interlaminated  limestones  and  shales 
of  the  two  formations  the  number  and  size  of  the  openings  decrease 
rapidly  with  increasing  depth.     Almost  everywhere  the  water  that 
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comes  from  them  from  a  depth  more  than  a  few  feet  below  the  bot- 
toms of  the  neighboring  creeks  is  Ukely  to  contain  both  salt  and 
sulphm*  in  moderate  quantities. 

Dug  wells  in  the  Maysville  and  Richmond  formations  usually  pro- 
cure sufficient  water  for  a  farm  at  depths  rangmg  from  10  to  35  feet, 
the  most  common  depths  being  20  to  35  feet.  Most  of  these  wells 
are  affected  by  the  weather  and  many  of  them  fail  during  a  pro- 
tracted drought. 

Springs  are  numerous  in  both  formations,  but  few  of  them  are 
large.  Many  of  the  springs  are  perennial,  and  during  a  dry  season 
maintain  sufficient  volume  to  furnish  water  for  several  families. 

Water  obtained  from  these  formations  above  the  level  of  the  sur- 
face drainage  is  hard;  that  obtained  below  the  level  of  the  surface 
drainage  is,  as  a  rule,  mineralized.     Where  the  water  emerges  in  some 
surface  stream  near  the  point  where  it  enters  the  ground  the  under- 
ground circulation  is  so  short  that  only  a  moderate  quantity   of 
mineral  matter  is  dissolved.     Where  the  dip  of  the  rocks  carries  the 
water  below  the  level  of  the  neighboring  surface  stream  the  pro- 
longed underground  course  allows  the  water  to  become  highly  charged 
with  mineral  matter,  and  if  the  rocks  contain  much  organic  matter 
such  water  will  usually  contain  hydrogen  sulphide,  produced  by  the 
decomposition  of  the  organic  matter.     The  presence  of  hydrogen 
sulphide  and  large  percentages  of  mineral  matter  in  the  water  of  wells 
that  draw  their  supplies  from  depths  below  the  levels  of  the  surface 
drainage  is  thus  explained.     After  water  has  been  drawn  from  such 
wells  for  a  considerable  time  the  underground  circulation  may  become 
more  rapid  and  the  amount  of  mineral  matter  and  hydrogen  sulphide 
may  be  lessened.     The  same  result  is  brought  about  by  the  gradual 
removal  of  the  amount  of  available  mineral  and  organic  matter  along 
the  underground  channel.     These  highly  mineralized  waters  have 
sometimes  been  regarded  as  residual  sea- water,  but  this  theory  is 
probably  incorrect.     In  some  places  the  Richmond  formation  con- 
tains magnesian  limestones,  and  the  water  obtained  from  this  phase 
of  the  rock  contains  considerably  more  magnesia  than  is  usually 
present  in  hard  waters. 

WATER   IN    THE    PANOLA   FORMATION. 

The  limestones  and  shales  of  the  Panola  formation,  as  a  rule,  occupy 
areas  of  low  relief,  but  in  some  localities  they  have  been  rather  deeply 
dissected.  The  soils  derived  from  the  limestones  are  generally 
sufficiently  porous  to  absorb  considerable  water,  but  those  from  the 
shales  are  commonly  quite  dense.  Both  topography  and  soils  favor 
the  occurrence  of  considerable  underground  water. 

The  limestones  of  the  Panola  are  the  principal  water-bearing  rocks. 
In  some  places,  as  in  Fleming  County,  these  rocks  consist  in  part  of 
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sii^Ie  beds  of  limestone  alternating  with  beds  of  shale;  but  in  other 
places,  as  in  Clark,  Madison,  Oldham,  and  Trimble  counties,  the 
beds  of  limestone  have  an  aggregate  thickness  of  several  feet.  Even 
where  the  limestone  beds  are  thin  they  generally  yield  considerable 
i^ater.  Where  the  limestone  beds  are  thick  the  movement  of  the 
underground  water  is  essentially  the  same  as  in  the  Lexington  and 
Highbridge  limestones.  A  few  caverns  have  been  reported  in  this 
formation,  but  they  do  not  appear  to  be  very  numerous.  One  of  the 
most  interesting  of  these  caverns  is  on  Jeptha  Knob,  in  Oldham 
County. 

The  shales  of  the  Panola  are  locally  traversed  by  numerous  small 
joints  that  permit  the  entrance  of  considerable  water;  hence  many 
shaUow  wells  are  successful  and  small  springs  are  numerous. 

Wells  dug  in  the  limestones  of  the  Panola  usually  yield  ample 
supplies  of  water  for  household  or  farm  use.  Drilled  wells  have  also 
been  successful,  especially  on  the  west  side  of  the  Jessamine  dome 
in  Oldham  and  Jefferson  counties.  The  water  is  almost  invariably 
encountered  in  the  crevices  of  the  limestone  at  its  junction  with  the 
underlying  shale. 

The  limestones  of  the  Panola  are  highly  magnesian,  and  the  water 
which  they  contain  is  charged  with  magnesium  in  addition  to  the 
calcium  and  other  salts  that  all  limestone  waters  carry.  Sulphur 
and  salt  are  entirely  lacking  in  these  limestone  waters,  but  zinc  has 
been  noted.  The  character  of  the  water  is  shown  by  the  analyses 
of  the  Anita  Spring  water  and  the  water  of  the  Royal  Magnesian 
Spring. 

The  water  from  the  shales  of  the  Panola  usually  contains  a  large 
amount  of  mineral  matter,  especially  Epsom  salts  and  other  sul- 
phates. These  waters  are  not  extensively  used  within  the  area 
covered  by  this  report,  though  there  is  a  resort  at  Kiddville  where 
an  Epsom  well  obtains  its  water  from  this  formation.  At  Crab 
Orchard,  outside  the  area,  the  Epsom  water  has  been  used  in  the 
manufacture  of  Epsom  salts,  which  have  had  an  extensive  sale. 
The  mineral  matter  in  these  waters  is  believed  to  have  been  derived 
in  part  from  the  Ohio  shale  which  lies  above  the  limestones. 

WATER   IN   THB    OHIO   SHALE. 

In  the  Ohio  shale  water  occurs  chiefly  in  the  joints,  w^hich  are 
especially  numerous  near  the  surface  and  usually  afford  openings  a 
fraction  of  an  inch  wide.  The  width  of  the  joints  diminishes  down- 
ward, but  they  have  been  known  to  supply  water  at  a  depth  slightly 
exceeding  50  feet.  The  bedding  planes  probably  supply  no  water, 
except  near  the  surface. 

The  soil  of  the  Ohio  shale  is  in  most  places?  sufficiently  porous  to 
allow  considerable  water  to  enter  the  underhnng  rock.     Where  the 
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formation  occupies  flat  or  moderately  rolling  areas  it  generally 
receives  much  of  the  water  which  is  absorbed  by  the  soil ;  where  the 
surface  is  steep  very  little  water  enters  the  rock.  On  the  mountain 
sides,  however,  where  the  sandstones  of  the  Waverly  shale  overlie 
the  Ohio,  some  of  the  water  that  comes  from  these  sandstones  enters 
the  joints  of  the  shale  in  its  passage  down  the  slope. 

Wells  in  the  Ohio  shaJe  are  imiformly  successful,  the  supplies  of 
water  being  obtained,  at  depths  less  than  50  feet.  Where  the  forma- 
tion is  exposed  many  drilled  wells  have  obtained  sufficient  water  for 
the  use  of  one  or  more  families.  Springs  are  numerous  and  some  of 
them  have  been  utilized  as  health  resorts. 

The  water  derived  from  the  Ohio  shale  is  highly  mineralized, 
sulphur,  alum,  and  chalybeate  waters  being  especially  characteristic 
types.     Springs  of  Epsom  and  salt  waters  also  occur. 

WATER  IN  THE   WAVERLY  SHALE. 

The  shaJy  layers  of  the  Waverly  shale,  which  occupy  the  almost 
perpendicular  sides  of  the  mountains,  furnish  practically  no  water; 
but  niunerous  springs  of  soft  water  that  occur  on  the  mountain  side 
derive  their  supplies  from  the  sandstone  layers  and  shallow  wells  in 
the  areas  where  the  sandstones  are  exposed  at  the  surface  jrield  an 
abimdance  of  water,  although  the  rock  is,  as  a  rule,  rather  firmly 
oemented. 

WATER  IN   THE  ALLUVIUM. 

Water  occurs  in  the  alluvimn  as  in  sands  and  gravels.  The  deposit 
is  in  most  places  sufficiently  coarse  to  yield  an  abundance  of  water, 
but  at  one  locality  in  northern  Boone  County  the  water-bearing  sands 
are  so  fine  that  it  is  practically  impossible  to  keep  them  from  clogging 
the  pimips. 

The  water  in  the  alluvium  is  derived  in  part  directly  from  rainfall 
and  in  part  from  springs  and  surface  streams,  although  the  rainfall 
probably  furnishes  the  greater  part.  Each  surface  stream  which 
emerges  from  the  upland  contributes  to  the  water  supply  of  the  allu- 
viimi,  imless  its  channel  is  lined  with  clay,  which  prevents  the  escape 
of  the  water,  and  some  of  the  smaller  streams  lose  a  large  part  of 
their  water  in  this  way.  Springs  which  emerge  from  the  upland 
formations,  either  above  or  below  the  surface  of  the  alluvium,  also 
contribute  to  its  water  supply. 

Under  normal  conditions  the  water  table  (see  p.  39)  of  the  allu- 
viiun  slopes  toward  the  main  stream,  and  the  water  moves  toward 
the  stream  to  emerge  in  springs  and  in  seeps  along  the  channel.  When 
the  river  rises  the  slope  of  the  water  table  near  its  channel  may  be 
reversed,  and  the  movement  of  the  water  may  be  from  the  river  into  the 
alluvium.     This  reversal  of  the  normal  movement  is  only  temporary, 
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as  the  supply  of  water  which  the  alluvium  receives  from  the  rainfall 
and  from  other  sources  soon  raises  the  water  table  and  reestabHshes 
its  normal  slope  toward  the  river.  When  a  well  near  the  river  bank 
is  puinp>ed  rapidly  the  slope  of  the  water  surface  between  the  well 
and  the  river  may  be  reversed  so  that  the  well  draws  some  water 
from  the  river.  Tliis  reversal  of  the  slope  of  the  water  surface  is 
due  to  the  formation  of  a  cone-shaped  depression  of  the  water  table 
in  the  vicinity  of  the  well.  After  the  pumping  ceases  the  water 
table  rises  and  the  ground  water  resumes  its  normal  movement 
towanl  the  river.  The  effect  of  the  entrance  of  river  water  into 
the  gravel  along  Ohio  River  has  been  noted  at  several  points.  Its 
presence  may  usually  be  detected  in  analyses  by  the  small  amount 
of  mineral  matter  obtained  in  water  near  the  river.  The  difference 
is  showTi  by  the  analyses  of  the  water  from  the  wells  of  the  Augusta 
steam  laundry  and  the  Augusta  electric-light  plant  (p.  212).  The 
steam  laundry  well  is  within  about  10  rods  of  the  river,  and  the  well 
of  the  electric-Ught  plant  is  several  blocks  distant.  The  difference 
k  also  illustrated  by  the  behavior  of  the  water  in  steam  boilers.. 
The  water  from  the  laundry  well  causes  no  scale,  but  the  water  from 
the  well  of  the  electric-light  plant  produces  a  large  amount  of  scale, 
even  after  it  has  been  passed  through  a  heater  which  removes  much 
of  the  mineral  matter. 

The  quality  of  water  in  the  alluvium  varies  greatly  in  different 
localities,  and  it  may  be  expected  to  vary  at  any  point  as  the  con- 
ditions which  govern  the  source  of  supply  at  that  point  change. 
The  water  that  falls  upon  the  alluvium  percolates  downward  through 
the  sand  and  gravel,  dissolving  lime  and  other  materials  wliich  make 
it  slightly  hard.  Water  that  is  derived  from  the  upland  streams 
enters  the  gravel  bearing  whatever  materials  it  has  in  solution.  In 
the  Blue  Grass  region  the  streams  flow  over  formations  that  contain 
much  limestone,  and  the  water  naturally  carries  a  considerable 
amount  of  material  dissolved  from  these  calcareous  rocks.  The 
springs  emerging  from  the  formations  tlu'ough  which  the  river  valley 
is  excavated  contribute  water  carrying  mineral  matter  that  has  been 
di^olved  from  these  formations,  and  springs  from  different  forma- 
tions or  even  from  different  parts  of  the  same  formation  may  yield 
water  differing  greatly  in  quality.  An  example  of  the  effect  of  spring 
water  on  the  composition  of  the  ground  water  of  the  alluvium  was 
noted  at  South  Ripley.  At  this  locaUty  Ohio  River  has  cut  nearly  to 
the  base  of  the  Eden  shale,  and  this  formation  or  the  underlying 
Winchester  limestone  probably  supplies  the  salt  water  which  gives 
the  ground  water  in  the  alluvium  at  South  Ripley  a  brackish  taste. 
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AMOUNT  OF  UNDERGROUND  WATER. 
MODIFYING   FACTORS. 
RAINFALL. 

The  amount  of  underground  water  is  influenced  by  several  impor- 
tant factors,  among  which  may  bo  mentioned  the  quantity  and 
character  of  the  rainfall,  the  nature  of  the  topography,  the  presence 
or  absence  of  vegetation,  and  the  character,  condition,  and  thickness 
of  the  residual  soil  mantle. 

Adequate  rainfall  is  essential  to  abundance  of  ground  water,  but 
even  when  the  rainfall  is  heavy  the  amount  of  water  that  enters  the 
ground  is  greatly  influenced  by  the  rate  of  precipitation.  Obviously, 
the  conditions  most  favorable  for  absorption  of  water  by  the  ground 
are  slow  precipitation  and  high  temperature.  The  slow  precipitation 
permits  the  water  to  enter  the  ground,  and  the  high  temperature 
facilitates  its  downward  percolation.  With  decrease  in  temperature 
or  increase  in  the  rate  of  precipitation  the  percentage  of  rainfall  that 
is  absorbed  is  decreased  and  the  amount  of  run-off  is  increased.  If 
the  precipitation  takes  the  form  of  snow  and  falls  upon  a  warm  earth, 
its  gradual  melting  may  afford  especially  favorable  conditions  for 
the  absorption  of  water;  when  the  snow  melts  rapidly  the  amount  of 
water  that  is  absorbed  is  usually  small. 

The  annual  rainfall  in  the  Blue  Grass  region  varies  from  40  to  50 
inches,  the  precipitation  being  greatest  in  the  southwestern  part  of 
the  region  and  diminishing  gradually  toward  the  northeast  comer 
of  the  State.  A  map  prepared  by  Alfred  J.  Henry*  shows  an  annual 
precipitation  of  45  to  50  inches  in  the  southern  part  of  the  area  and 
of  40  to  45  inches  in  the  northern  part.  The  line  on  the  map  (fig.  4) 
separating  these  two  belts  of  imequal  rainfall  crosses  the  counties 
bordering  Ohio  River  in  a  northeastward  direction  until  it  reaches 
the  latitude  of  Frankfort,  and  then  bears  eastward,  passing  north  of 
Frankfort,  to  the  east  side  of  Licking  River,  where  it  turns  to  the 
southeast  and  extends  bej^ond  the  southern  boundary  of  the  region. 
Lexington  and  Cincinnati,  with  mean  annual  rainfall  of  44.38  and 
39.87  inches,  respectively,  typify  the  conditions  prevalent  through- 
out the  greater  part  of  these  two  divisions.  These  figures  represent 
the  average  rainfall  as  deduced  from  observations  carried  on  over  a 
number  of  years,  but  the  actual  precipitation  for  a  single  year  may 
vary  widely  from  the  mean.  An  inspection  of  the  following  table 
(No.  4)  sliows  that  in  the  ten  years  from  1897  to  1906  the  departure 
from  the  normal  has  exceeded  10  inches  five  times  at  Lexington  and 
three  times  at  Cincinnati.  The  maximum  departure  from  the  normal 
for  any  part  of  the  area  was  20.62  inches  at  Cincinnati  in  1901.     The 


a  Chart  12,  i:.  S.  Weather  Bureau. 
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maximum  departure  at  Lexington  was  16.66  inches  in  1904.  Both 
of  these  departures  were  below  the  normal  and  mark  periods  of  drought 
in  their  respective  sections.     The  rainfall  for  the  two  years  of  drought 


Figure  4.~l£8p  showing  average  rainfall  in  eastern  part  of  United  States,  in  inches. 

and  for  the  two  intervening  years  is  given  in  Table  5.  These  droughts 
were  not  the  result  of  the  annual  variation  from  the  normal,  but 
were  caused  by  the  continuation  of  a  period  of  marked  deficiency  in 
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rainfall  tlirough  three  or  four  consecutive  montlis.  The  drought  of 
1901,  according  to  the  figures  given  in  Table  5,  was  most  severe 
locally,  but  did  not  cover  so  wide  an  area  as  that  of  1904.  It  vas 
confined  to  a  narrow  strip  along  Ohio  River  and  lasted  from  August 
to  November.  The  drought  of  1904  extended  over  much  of  the 
upland  and  was  most  marked  in  the  last  part  of  November  and  eariv 
part  of  December.  It  began  as  early  as  August  in  some  parts  of  the 
area,  and  October  was  the  driest  month  ever  recorded  in  the  region. 

Table  4. — Annual  precipitation ^  in  inches y  and  departure  from  the  normal  f of  fotr 
stations  of  the  United  States  Weather  Bureau,  1896-1906. 


Lexington. 

Cincinnati. 

Frankfort. 

StMdbyrilte. 

Year. 

Rainfall. 

Depar- 
ture from 
normal. 

RalnfaU. 

Depar- 
ture from 
normal. 

Rainfall. 

46.73 
42.88 

Depar- 
ture from 
normal. 

Rain&U. 

1896 

43.29 
49.19 
59.41 
40.24 
33.67 
30.31 
36.10 
30.70 
28.72 
44.17 
42.59 

-  1.67 
+  2.30 
+14.67 

-  2.76 
-10.68 
-13.29 
-8.28 
-13.68 
-16.66 

-  0.21 

-  1.79 

34.48 
43.89 
38.97 
34.69 
27.79 
17.99 
37.30 
34.69 
29.64 
38.69 
40.83 

46.54 
4&58 
52.73 
41.14 
48.23 
84.78 
38.35 
38.46 
32.18 

—  au 

1897 

+  4.00 
-0.90 

-  4.94 
-11.20 
-20.62 

-  2.57 

-  6.15 
-10.33 

-  1.18 
+  0.96 

-  2.40 

+  131 

1898 

+  T.M 

1899 

—  3.73 

1900 

36.38 

-  7.01 

+  tn 

1901 

—  IO.C 

1902 

48.01 
38.42 
32.55 
46.91 
52.39 

+  1.38 
-  3.71 
-10.65 
+  5.84 
+11.32 

—  6.C 

1903 

—  S.M 

1904 

— ILW 

1905 

1906 

51.64 

+  7.S 

Table  5. — Monthly  precipitation^  in  inches^  and  departure  from  the  normal  cU  LexingUm 

and  Cincinnati^  from  1901  to  1905. 

[Compiled  from  the  reports  of  the  U.  8.  Weather  Boreau.] 


Year. 


Station. 


1901 
1902 
1903 
1904 
1905 


Cincinnati. 
Lexington. 
Cincinnati. 
Lexington. 
Cincinnati. 
Lexington. 
Cincinnati. 
Lexington . 
Cincinnati . 
Lexington . 


January. 


0.87 
L49 
2.10 
4.77 
2.05 
L68 
2.66 
1.92 
1.80 
2.04 


February. 


-2. 
-2. 


+0. 


S 
P. 

I 


L35 
0.62 
0.38 
0.90 
5.76 
6.16 
2.66 
2.38 
1.76 
L13 


-2.17 
-2.73 
-3.31 
-2.80 
+2.09 
+2.46 
-L03 
-L32 
-1.93 
-2.57 


March. 


I 

ft 

1 

Pi 


2.01 
2.23 
L47 
2.92 
4.97 
3.24 
8.17 
4.75 
2.46 
6.87 


-L60 
-2.78 
-L83 
-L98 
+L67 
-L66 
+4.87 
-a  15 
-0.84 
+a97 


AprlL 


1 


5 


L«3 
4.52 
2.87 
L27 
3.49 
3.29 
2.28 
3.06 
3.14 
2.87 


-a  96 
+L14 

-a» 

-2.« 

+a» 

-6.9: 

-<lf4 

-as* 
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Table  5. — Monthly  precipitation,  in  inches,  and  departure  from  the  nomuU  at  Lexington 
arui  Cinciimoii,  from  1901  to  1905 — Continued. 


Yfsar. 


1901 
1002 
1903 
1904 
1905 


Year. 


1901 
19QE2 
1908 
1904 
1905 


Station. 


Cincinnati 
Lexington 
Cincinnati 
Lexington 
Cinclimati 
Lexington 
Cincinnati 
Lexington 
Cincinnati 
Lexington 


May. 


1.62 
2.66 
5.54 
2.43 
3.83 
L75 
3.70 
2.60 
9.52 
5.54 


-1.70 
-L15 
+2.13 
-L06 
+a42 
-1.74 
+0.29 
-0.89 
+6.11 
+2.06 


Jane. 


I 


2.27 
3.70 
5.25 
5.19 
3.27 
2.71 
2.60 
2.61 
2.36 
3.31 


-L69 
-0.50 
+0.85 
+0.94 
-L13 
-L54 
-L80 
-L74 
-2.04 
-0.94 


July. 


I 


1.44 
2.61 
8.47 
2.33 
2.31 
2.62 
0.80 
3.13 
L04 
4.94 


-2.06 
-1.57 
+0.09 
-2.77 
-L07 
-2.48 
-2.68 
-1.97 
-2.34 
-0.16 


August. 


I 


0.88 
3.74 
0.65 
L89 
2.75 
L49 
0.41 
2.44 
4.66 
4.11 


-2.66 
-0.35 
-3.07 
-1.63 
-0.97 
-2.03 
-3.31 
-1.08 
+0.94 
+0.50 


Station. 


Cincinnati 
Lexington 
Cincinnati 
Lexington 
Cincinnati 
Lexington 
Cincinnati 
Lexington 
Cincinnati 
Lexingtpn 


September. 


0.92 

-1.43 

2.18 

-0.41 

4.26 

+L84 

2.60 

+ao6 

L78 

-0.64 

0.81 

-L73 

L28 

-L14 

1.71 

-0.83 

1.54 

-0.88 

3.20 

+0.66 

October. 


I 

ft 


0.50 
L33 
2.77 
2.11 
1.31 
2.12 
a89 
a57 
4.85 
3.45 


-L68 
-0.78 
+0.33 
-0.11 
-L13 
-0.10 
-L55 
-1.68 
+2.41 
+1.23 


November. 


g 
1 

ft 


0.74 
1.73 
3.29 
3.09 
1.45 
2.84 
0.34 
0.53 
2.75 
3.58 


-2.69 
-L05 
-0.01 
-0.63 
-1.85 
-0.88 
-2.96 
-3.19 
-0.55 
-0.14 


December. 


3.37 
3.50 
5.25 
6.60 
L72 
L99 
3.75 
3.10 
2.81 
4.13 


+0.41 
+0.40 
+2.10 
+3.20 
-1.43 
-1.41 
+0.60 
-0.30 
-0.34 
+0.73 


Total. 


17.99 
3a  31 
87.30 
36.10 
34.69 
30.70 
29.54 
28.72 
38.69 
44.17 


-20.62 
-13.29 

-  2.57 

-  8.28 

-  5.15 
-13.68 
-10.33 
-16.66 

-  1.18 

-  a21 


Deficient  precipitation  lessens  the  quantity  of  water  supplied  by 
springs  and  shallow  wells,  but  does  not  affect  the  suppUes  from  deep 
wells.  The  effect  of  low  rainfall  is  especially  noticeable  in  the  autumn 
monthS;  when  the  precipitation  is  normally  small.  The  time  required 
for  deficiency  of  rainfall  to  affect  the  amount  of  ground  water  varies 
with  the  quantity  of  water  in  the  ground  at  the  beginning  of  the 
drought,  and  the  effect  in  different  parts  of  the  area  varies  with  the 
nature  of  the  materials  in  which  the  water  is  stored.  In  general,  it 
may  be  said  that  a  drought  of  two  months  usually  causes  a  marked 
dindnution  in  the  amount  of  groimd  water;  and  if  it  continues  for 
three  or  four  months,  the  water  suppHes  of  the  area  are  noticeably 
depleted. 

When  the  amount  of  precipitation  is  much  above  the  normal,  the 
soil  becomes  saturated  and  the  excess  runs  off  over  the  surface.  As 
the  surface  of  the  Blue  Grass  region  is  rolling,  this  excess  moisture 
scapes  readily. 
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During  the  spring  and  summer  months  much  of  the  rainfall  comes 
in  the  form  of  thunder  showers.  As  a  rule,  these  add  comparatively 
little  to  the  underground  water  supply,  because  the  rapid  precipita- 
tion favors  run-off  rather  than  absorption.  In  some  parts  of  the  area, 
however,  open  sinks  abound,  and  in  these  locaUties  a  considerable 
part  of  the  water  falling  during  thunderstorms  may  enter  the  under- 
ground channels  directly.  The  frequency  of  thunderstorms  in  the 
Blue  Grass  region  is  shown  by  the  fact  that  in  the  ten  years  from 
1895  to  1904  the  Lexington  station  reported  an  average  of  21  thun- 
dershowers  for  the  three  months  from  June  1  to  August  31.  Such 
storms  also  occur  during  other  parts  of  the  year,  but  less  frequently. 

TOPOGRAPHY. 

Many  investigators  have  assumed  that,  aside  from  its  effect  on  the 
form  of  the  water  table,  topography  bears  no  relation  to  under- 
ground-water problems;  but  in  reaUty  the  influence  of  topography  on 
the  amount  of  underground  water  is  so  marked  that  it  is  often  possi- 
ble to  determine  with  considerable  accuracy,  from  a  study  of  the 
character  of  the  surface  of  an  area  only,  whether  wells  in  a  given 
locality  are  likely  to  have  large  or  small  yields. 

A  much  greater  amount  of  water  is  absorbed  where  the  surface  is 
level  than  where  it  is  uneven,  the  level  surface  favoring  absorption 
because  the  water  flows  off  more  slowly,  and  thus  remains  for  a  longer 
time  in  contact  with  the  soil ;  a  rolling  surface  favors  rapid  run-off. 
The  influence  of  sink-hole  topography  on  the  quantity  of  ground 
water  is  especially  noticeable,  for  while  this  topography  is  in  itself 
an  indication  of  the  presence  of  underground  streams,  it  also  favors 
the  absorption  of  large  amounts  of  water. 

The  character  of  the  topography  also  affects  the  thickness  of  the 
residual  materials,  for  in  many  places  on  the  rolling  areas  much  of 
the  decomposed  rock  has  been  removed  by  erosion,  and  wherever 
the  thickness  of  the  soil  is  reduced  its  storage  capacity  is  lessened. 


The  permeability  of  soil  depends  largely  upon  its  texture,  a  coarse- 
grained soil  being,  as  a  rule,  much  more  permeable  than  a  fine-grained. 
The  capacity  of  the  soil  to  retain  moisture  also  depends  upon  its 
texture,  the  storage  capacity  of  the  finer  soils  being  much  larger  than 
that  of  the  coarser.  The  water  which  enters  coarse  sand  passes 
through  it  rapidly,  because  of  the  large  spaces  between  the  grains; 
but  that  which  is  absorbed  by  clay  is  held  by  the  capillary  attraction 
of  the  small  passages. 

Although  a  coarse  sand  will  readily  absorb  a  large  amount  of  water, 
it  will  retain  only  about  15  per  cent  of  its  volume;  while  a  clay,  which 
absorbs  water  more  slowly,  will  retain  more  than  40  per  cent. 
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By  referring  to  Table  3  (p.  36)  it  will  be  seen  that  the  soils  of  the 
Blue  Grass  region  are  very  fine  grained  and  hence  have  a  large  capac- 
ity for  storing  moisture.  Determinations  made  by  King**  of  the 
per  cent  of  pore  space  and  the  approximate  effective  diameter  of 
soil  particles  are  given  in  the  following  table: 

Table  6. — Approximate  effective  diameter  of  soil  particles. 


Typo  of  soil. 


Pnirieloam. 

Do 

Clayey  kMun. 

Do 

Heavy  clay.. 

Do 

Sandy  soil . . . 

Do 


Locality. 


Oasis,  Wis 

....do 

Drununond,  Wis. 

....do 

Ashland,  Wis.... 
do 


T 


Depth  of  material. 

IVrccntago 
ofporo 
space. 

Surface 

38.83 
34.64 
44.87 
44.15 
45.32 
44. 15 
34.49 
29.96 

Second-foot 

Sur&oc 

Seoond-foot 

SuriacQ 

<i-18  Inches 

Surfooe 

&-12  Inches 

Approximate 
effective  di- 
ameter of  soil 
grains. 


MiaimeUr, 
0.03035 
.04777 


.08197 
.01408 
.OllU 
.02619 
.0623 


These  soils  are  not  precisely  the  same  as  those  of  the  Blue  Grass 
region,  but  the  table  is  valuable  because  it  shows  the  porosity  of 
loam,  clay,  and  sandy  soils.  Actual  measurements  of  the  amount  of 
water  in  the  soils  at  Lexington  and  Greendale,  Ky.,  were  made  by 
the  United  States  Bureau  of  Soils.''  These  measurements  include 
the  surface  soil  to  a  depth  of  12  inches  and  were  made  daily  from 
May  18  to  July  31,  1895.  The  maximum  amount  of  water  in  the 
soils  was  foimd  to  be  slightly  more  than  21  per  cent  of  the  total 
weight.  The  general  range  was  about  13  to  21  per  cent,  and  the 
lower  limit  was  about  10  per  cent.  As  these  measurements  were 
made  at  a  time  when  frequent  rains  insured  saturation  of  the  soil,  the 
maximum  probably  represents  nearly  the  full  water  capacity  of  the 
soil. 

The  percentage  by  weight  is  only  about  one-half  as  great  as  the 
percentage  by  volume;  hence,  if  reduced  to  percentage  by  volume, 
the  maximum  amount  of  moisture  would  be  about  42  per  cent  and 
the  range  about  20  per  cent.  An  examination  of  the  table  shows 
that  the  percentage  of  pore  space  diminishes  in  the  subsurface  mate- 
rials, so  that  the  average  porosity  of  the  residual  materials  at  Lex- 
ington and  Greendale  is  probably  somewhat  less  than  would  be  indi- 
cated by  the  table.  The  amount  of  reduction  might  bring  the  maxi- 
mum as  low  as  35  to  40  per  cent. 

No  measurements  of  the  amount  of  water  in  other  soils  have  been 
made,  but  assuming  a  porosity  approximately  the  same  as  that  for 
the  soil  types  given  in  the  table  above,  the  clay  would  have  a 
pore  space  of  about  40  to  45  per  cent  of  its  volume  and  the  sandy 

aKJnK,  F.  U.,  Nineteenth  Ann.  Kepi.  V.  S.  t;ool.  Survey,  pt.  2,  1S97-9S,  pp.  213-214. 
6 Soils  and  soil  moisture:  U.  S.  Dcpt.  Agr.,  Bulls.  1,  2,  and  3,  May,  Juno,  and  July,  1895. 
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loam  of  about  30  to  35  per  cent  of  its  volume.  As  the  silt  loam  has 
more  silt  and  less  clay  than  loam,  its  amount  of  pore  space  would 
probably  be  somewhat  smaller  than  was  found  in  the  soils  at  Lex- 
ington and  Greendale.  The  silt  loam  is  of  small  extent  and  is  under- 
lain by  gravelly  loam  or  fine  sand.  Its  porosity  is  probably  slightly- 
greater  than  that  of  the  sandy  loam. 

From  the  above  estimates  of  porosity  it  appears  that  even  if  the 
amount  of  water  absorbed  equaled  only  three-fourths  of  the  total 
pore  space,  the  residual  deposits  of  the  Blue  Grass  region  would  still 
hold  a  high  percentage  of  moisture.  The  fact  has  an  important  bear- 
ing on  the  available  water  supply  of  the  region,  for  the  Ordovician 
limestones  are  too  dense  to  yield  water,  and  the  water  supplied  to 
the  shallow  wells  and  springs  during  dry  weather  must  be  derived 
from  the  residual  materials. 

The  residual  materials  in  the  Blue  Grass  region  range  in  thickness 
from  a  few  inches  up  to  about  30  feet,  the  most  common  thickness 
being  3  to  5  feet  and  the  average  probably  less  than  6  feet.  From 
this  mantle  of  decomposed  rock  the  transition  to  the  solid  rock  below 
is  rather  abrupt.  The  importance  of  the  residual  material  to  the 
water  supply  does  not  depend  upon  its  yielding  water  directly  to 
wells,  for  this  it  does  in  but  few  places.  Its  real  function  is  to  store 
the  rainfall  and  deliver  it  gradually  to  the  underground  channels. 
If  the  rocks  of  the  Blue  Grass  region  were  laid  bare  the  water  from 
each  rainfall  would  either  enter  the  cracks  at  once  or  flow  off  over 
the  surface  at  a  rate  determined  by  the  slope,  and  in  a  comparatively 
short  time  all  the  water  would  have  escaped,  leaving  the  surface  dry 
except  where  small  pools  were  formed  in  depressions.  Under  such 
conditions  springs  would  flow  only  a  short  time  after  each  rain, 
because  the  rocks  of  the  Ordovician  formations  have  little  or  no 
storage  capacity  for  moisture.  The  capacity  of  the  residual  soil  to 
absorb  moisture  has  already  been  mentioned.  The  small  thickness 
of  the  residual  mantle,  however,  prevents  the  storage  of  large  quan- 
tities of  water.  As  the  porosity  and  thickness  of  the  soil  vary  with 
the  character  of  the  rock  from  which  it  is  derived,  the  water  capax^ity 
of  the  soils  of  the  different  formations  or  of  different  parts  of  the 
same  formation  varies  widely. 

AMOUNT   OF   WATER   IN    THE    EARTH's   CRUST. 

Several  attempts  have  been  made  to  estimate  the  total  amount  of 
water  in  the  earth's  crust,  but  none  of  the  results  are  universally 
accepted.  To  reach  a  conclusion  it  is  necessary  to  estimate  the 
averuf^e  thickness  of  the  various  kinds  of  rock  which  compose  the 
outer  6  miles  of  the  earth  and  to  compute  the  average  amount  of 
water  contained  in  each  kind  of  rock.     The  results  obtained  can  not 
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be  applied  to  any  particular  region,  for  they  represent  only  the  aver- 
age condition  for  the  whole  earth,  and  as  the  results  are  not  locally 
applicable  their  practical  value  is  small. 

The  discussion  has  had,  however,  a  practical  bearing,  in  that  it  has 
called  attention  to  the  erroneous  belief  that  an  abundance  of  water 
can  be  obtained  anywhere  by  drilling  deep  enough.  In  many  places 
it  has  been  found  that  the  amount  of  water  diminishes  with  increase 
of  depth,  and  probably  in  nearly  all  places  the  amount  of  water  below 
the  first  2,000  or  3,000  feet  is  very  small. 

The  quantitative  estimates  of  the  amount  of  water  in  the  earth^s 
crust  vary  from  one-hundredth  to  one-half  of  the  volume  of  the 
ocean.  The  smallest  of  these  estimates  was  made  by  Fuller.**  This 
estimate  may  be  stated  in  another  way  by  saying  that  the  one- 
hundredth  of  the  volume  of  the  ocean  means  sufficient  water  to  cover 
the  entire  surface  of  the  earth  to  a  depth  of  nearly  100  feet. 

ARTESIAN  WATER. 
GENERAL   PRINCIPLES. 

The  term  "  artesian  "  is  derived  from  the  name  of  a  town  in  France, 
Artois,  where  the  first  important  flowing  wells  were  sunk.  In  this 
country  the  term  has  been  used  in  so  many  different  ways  that  it  is 
often  impossible  to  say  just  what  particular  kind  of  a  well  is  meant. 
Some  authors  tise  artesian  to  designate  only  wells  that  flow;  others 
apply  it  to  any  well  in  which  the  water  is  under  hydrostatic  pressure, 
so  that  it  will  rise  above  the  level  at  which  it  is  encountered;  still 
others  use  the  term  to  designate  any  deep  well. 

The  desirability  of  securing  uniformity  of  usage  for  the  term 
"artesian'*  led  Fuller  to  attempt  to  give  it  a  precise  meaning,  and  he 
proposed  the  following  definitions  i'^ 

The  artesian  principle  (which  may  be  considered  as  identical  with 
what  is  often  known  as  the  hydrostatic  principle)  is  the  principle  in 
virtue  of  which  water  confined  in  the  materials  of  the  earth's  crust 
tends  to  rise  to  the  level  of  the  water  surface  at  the  highest  point 
from  which  pressure  is  transmitted.  Gas  as  an  agent  in  causing  the 
water  to  rise  is  expressly  excluded  from  the  definition. 

Artesian  pressure  is  the  pressure  exhibited  by  water  confined  in  the 
earth's  crust  at  a  level  lower  than  its  static  head. 

Artesian  water  is  that  portion  of  the  imderground  water  which  is 
under  artesian  pressure  and  will  rise  if  encountered  by  a  well  or  other 
passage  affording  an  outlet. 


•  Fuller,  M.  L.,  Total  amount  of  free  water  In  the  earth's  crust:  Wuter-Supply  Paper  V.  S.  (leol.  Sur^•ey 
No.  100,  1906,  pp.  59-72. 

<>  Fuller,  M.  L.,  The  slKnlflcance  of  the  temi  "artesian:"  Water-Supply  Pajjfir  V.  H.  (Jeol.  Sur\-py  Nu 
IflO,  1906,  pp.  U-15. 
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An  artesian  system  is  any  combination  of  geologic  structures- 


such  as  basins,  planes,  joints,  faults — in  which  waters  are  confined 
imder  artesian  pressure. 

An  artesian  basin  is  a  basin  of  porous  bedded  rock  in  which,  as  a 
result  of  synclinal  structure,  the  water  is  confined  under  artesian 
pressure. 

An  artesian  slope  is  a  monoclinal  slope  of  bedded  rocks  in  which 
water  is  confined  beneath  relatively  impervious  covers  owing  to  the 
obstruction  of  its  downward  passage  by  the  pinching  out  of  the  porous 
beds,  by  their  change  from  a  pervious  to  an  impervious  character, 
by  internal  friction,  or  by  dikes  or  other  obstructions. 

An  artesian  area  is  an  area  underlain  by  water  imder  artesian 
pressure. 

An  artesian  well  is  any  well  in  which  the  water,  when  encountered, 
rises  under  artesian  pressm^e. 

The  conditions  commonly  producing  artesian  wells  are: 

1.  A  porous  bed  or  an  open  plane  or  channel  to  permit  the  entrance 
and  passage  of  water. 

2.  An  impervious  cap  to  prevent  the  upward  escape  of  the  water. 

3.  An  inclination  of  the  water-bearing  bed  or  passage. 

4.  A  suitable  exposure  of  the  water-bearing  beds  or  passages  above 
the  level  of  the  surface  at  the  well  to  permit  the  entrance  of  water. 

5.  An  adequate  rainfall  to  furnish  the  water. 

6.  An  absence  of  openings  which  will  permit  the  ready  escape  of 
water  at  a  level  below  the  well. 

It  was  formerly  beUeved  that  an  impervious  bed  below  the  water- 
bearing horizon  was  an  essential  condition,  but  such  a  bed  is  not 
everywhere  necessary  because  the  rocks  below  may  be  satiu*ated  with 
water.  Under  certain  conditions,  also,  the  impervious  bed  above 
the  water  horizon  may  be  dispensed  with,  for  the  interlocking  grains 
in  the  layer  of  sands  above  the  water  may  offer  more  resistance  to 
its  upward  movement  than  is  offered  by  the  well.  Even  a  porous 
bed  may  not  be  necessary  to  furnish  artesian  conditions,  for  artesian 
wells  may  be  obtained  where  the  water  is  in  joints,  solution  channels, 
bedding  planes,  or  other  open  passages.  The  inclination  of  the 
water-bearing  beds  may  not  everywhere  be  necessary,  for  the  pressure 
may  be  supplied  by  the  entrance  of  the  water  at  a  level  above  that  at 
which  it  is  encountered  and  by  its  downward  passage  through  joints 
or  other  openings  which  cross  the  beds. 

ARTESIAN    WELLS    IN   THE    BLUE   GRASS   REGION. 

Flowing  wells  are  not  common  in  tlie  Blue  Grass  region,  but  arte- 
sian wells — wells  in  which  the  water  is  under  artesian  pressure — 
are  found  in  many  parts  of  the  area.     The  wells  which  encounter  the 
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mineral  water  of  the  limestones  are  practically  all  artesian,  and  in  a 

f  e^^^  localities  where  the  wells  are  located  in  stream  valleys  the  min- 

ercd  water  rises  above  the  surface.     Flowing  wells  of  this  class  are 

found  near  Lexington,  in  Fayette  Coimty,  near  Harrodsburg,  in 

Mercer  County,  and  near  Smitsonville,  in  Harrison  Coimty.     The 

amoimt  of  water  yielded  by  all  these  wells  is  small  and  the  water  is 

highly   mineralized,   being   sulphureted   and   often   brackish.     The 

pressure  of  the  escaping  hydrogen  sulphide  gas  in  these  waters  may 

aid  in  producing  the  flow,  the  gas  acting  in  the  same  manner  as  air 

i^hich  is  forced  into  a  well  when  an  air-Uft  pump  is  used,  but  it  is 

improbable  that  the  gas  pressure  is  sufficient  to  appreciably  affect  the 

Height  to  which  the  water  will  rise.     It  is  probable  that  the  water  in 

these  wells  does  not  enter  at  the  outcrop  of  the  beds  under  which  it  is 

moving,  but  finds  its  way  in  at  various  points  along  the  underground 

streams  through  joints  which  reach  the  surface.     The  high  mineral 

content  of  the  water  indicates  that  it  has  had  a  long  underground 

course. 

The  shallow  water  in  the  limestone  areas  may  be  under  artesian  pres- 
sure wherever  the  imderground  channels  are  partly  or  wholly  ob- 
structed below  the  well,  and  if  the  water  enters  at  a  point  higher  than 
the  surface  at  the  well  a  flow  may  be  obtained.  No  flows  of  this  kind 
have  been  observed  in  the  region. 

The  region  is  without  lai^e  synclinal  folds,  and  therefore  contains  no 
artesian  basins.  The  flowing  wells  in  the  valleys  of  the  large  streams 
appear  to  belong  to  a  structure  intermediate  between  an  artesian 
slope  and  an  artesian  basin.  The  rock  in  which  this  water  occurs — 
the  St.  Peter  sandstone — has  been  called  both  a  sandstone  and  a 
siliceous  limestone.  It  appears  probable  that  some  layers  of  this  rock 
are  very  sandy  while  others  are  highly  calcareous,  but  as  the  forma- 
tion is  known  in  this  region  only  from  well  records  its  character  is  not 
easy  to  determine.  It  transmits  water  with  a  faciUty  that  suggests 
that  it  is  either  an  open  sandstone  or  a  very  porous  limestone. 

The  effective  head  of  the  water  in  the  St.  Peter  is  580  feet  above 
sea  level  at  the  Miu-ray  well  in  Frankfort  and  590  feet  in  the  valley  of 
Ohio  River  near  Cincinnati.  Flowing  wells  that  reach  this  formt^tion 
are  located  at  Covington,  Newport,  Latonia,  Frankfort,  Boston,  and  the 
Old  Crow  distillery  near  the  Woodford-Franklin  County  line.  Flow- 
ing wells  may  be  obtained  in  any  part  of  the  Ohio  River  channel  where 
it  borders  the  Blue  Grass  region  and  in  the  valleys  of  the  principal 
tributaries  of  the  Ohio  where  they  have  cut  below  about  590  feet  above 
sea  level.  The  flowing-well  area  would  therefore  include  practically 
all  of  the  gorge  of  Kentucky  River  within  the  Blue  Grass  region  and 
the  channel  of  Licking  River  for  some  distance  above  Falmouth,  as 
well  as  the  lower  parts  of  some  of  the  smaller  valleys  tributary  to 
88942— IBB  23»— 09 5 
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these  streams.  Flowing  wells  may  also  be  obtained  in  the  lower  parte 
of  the  small  valleys  tributary  to  Ohio  River. 

The  quality  of  the  water  from  the  St.  Peter,  which  is  shown  by 
analysis  No.  11,  page  212,  imfits  it  for  domestic  or  industrial  ums. 

The  water  has  been  used  for  cooling  in  distilleries,  but  it  has  bees 
found  to  corrode  the  condensing  pipes  very  rapidly,  and  their  frequ^t 
renewal  is  necessary.  It  is  highly  esteemed  as  a  medicinal  water  and 
has  proved  valuable  where  a  strong  salt-sulphur  water  is  required 
It  is  also  a  valuable  water  for  stock.  The  well  at  Boston  is  located 
in  a  pastiu^  where  ordinary  spring  water  is  abimdant,  but  the  stock 
will,  it  is  reported,  drink  only  the  salt-sulphur  water.  The  water 
from  the  well  at  Frankfort  has  been  used  for  drinking.  Wells  should 
not  be  located  near  dwellings,  for  the  hydrogen  sulphide  has  a  veiy 
disagreeable  odor  and  is  injurious  if  breathed  for  any  considerate 
period.  It  has  also  an  injurious  eflFect  on  metal  and  on  varnished  or 
painted  woodwork.  A  well  located  at  the  Hemingray  glass  factory 
in  Covington  was  plugged  because  the  residents  of  the  neighborhood 
objected  to  having  their  fmniture  and  silverware  damaged  by  the 
sulphurous  gas. 

The  source  of  the  pressure  which  causes  the  water  of  the  St.  Peter 
to  flow  is  not  definitely  known.  It  has  been  suggested  that  the  water 
enters  from  the  upland  and  passes  downward  through  joints  and  other 
open  passages  into  the  sandstone,  but  many  facts  render  this  expla- 
nation higlily  imlikely.  The  hypothesis  that  the  Jessamine  dome  of 
central  Kentucky  might  be  the  source  of  the  pressure  is  also  inade- 
quate, as  the  mouths  of  the  flowing  wells  are  from  200  to  300  feet 
above  the  top  of  the  St.  Peter  in  the  apex  of  the  dome.  A  third  and. 
according  to  present  knowledge,  the  most  reasonable  explanation  is 
that  the  water  enters  the  sandstone  in  southern  Wisconsin  and  north- 
ern Illinois  and  that  the  pressure  is  transmitted  from  those  areas. 

It  has  been  rather  generally  supposed  that  the  water  of  the  St.  Peter 
is  sea  water,  which  was  stored  in  the  rocks  at  the  time  of  their  depo- 
sition. Adherents  of  this  theory  explain  the  fact  that  the  St.  Peter 
water  is  less  saline  than  sea  water  by  assuming  that  the  percentage  d 
salt  has  been  decreased  by  the  addition  of  surface  waters.  Although 
this  theory  has  certain  points  in  its  favor,  it  is  believed  that  the  long 
underground  journey  of  the  water  through  rocks  more  or  less  cal- 
careous is  quite  sufficient  to  explain  its  present  qualities, 

RECOVERY   OF   UNDERGROUND   WATER, 
NATURAL  RECOVERY. 

Much  of  the  water  that  sinks  into  the  earth  returns  to  the  surface 
under  the  influence  of  gravity,  capillarity,  and  by  the  action  of  plants:. 
Sometimes  one  of  the^e  forces  acts  alone,  but  more  often  two  of  them 
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are  combined,  and  under  some  conditions,  one  of  the  forces  may 
(^pose  another.  Capillary  action,  though  usually  not  apparent,  is 
Tery  important,  because  it  brings  much  water  to  the  surface,  where 
it  is  returned  to  the  atmosphere  by  evaporation,  or  within  the  reach 
of  the  roots  of  plants,  where  it  is  absorbed.  The  water  taken  from 
the  soil  by  plants  is  built  into  their  tiSBues  or  evaporated  through 
their  leaves.  This  last  process  is  usually  caHed  transpiration.  Her© 
gravity  acts  against  the  upward  movement  of  the  water  caused  by 
capillarity.  Gravity  combines  with  capillarity  to  bring  the  water  to 
the  surface  at  the  foot  of  a  slope.  Capillary  action  causes  the  water 
to  move  more  rapidly  through  the  pores  of  the  imconsolidated  mate- 
rials where  the  movement  is  downward  imder  the  influence  of  gravita- 
tion, the  relative  importance  of  gravitation  and  capillarity  depending 
entirely  on  the  size  of  the  pores  through  which  the  water  moves.  If 
these  pores  are  small,  gravitation  is  much  less  important  than  capillary 
action;  if  they  are  large,  gravitation  is  the  principal  cause  of  the 
movement  of  the  water.  Where  water  comes  to  the  surface  through 
open  crevices  or  caverns,  the  movement  is  due  wholly  to  gravity,  but 
the  weight  of  a  colxmm  of  water  in  the  crevice  or  channel  may  cause 
the  water  to  move  upward  in  some  parts  of  its  course. 

The  water  which  is  brought  to  the  surface  imder  the  influence  of 
capillarity  alone  is  distributed  over  such  a  large  area  that  it  is  rapidly 
absorbed  by  the  atmosphere.  That  which  is  taken  up  by  plants  is 
given  to  the  atmosphere  either  directly  by  transpiration  or  by  evapo- 
ration when  the  plant  decays.  These  processes  go  on  so  graduaUy 
that  most  of  the  water  which  is  removed  by  them  passes  off  as 
vapor.  This  fact  has  usually  caused  the  influence  of  plants  and 
capillarity  on  the  amount  of  imdergroimd  water  to  be  disregarded, 
but  in  many  regions  the  amount  which  is  removed  by  these  agencies 
probably  equals  40  to  50  per  cent  of  all  the  water  absorbed  by  the 
soil. 

Water  which  comes  to  the  surface  imder  the  influence  of  gravity  or 
the  combined  influence  of  gravity  and  capillarity  emerges  either  in 
the  form  of  springs  or  seeps. 

Seepage  is  supplied  by  water  from  the  pores  of  the  rock  and  not 
from  definite  channels.  It  occurs  wherever  the  level  of  the  water 
table  (p.  39)  rises  above  the  surface,  as  along  the  margins  of  streams, 
or  where  the  surface  and  underground  drainage  is  defective.  The 
seepage  which  occurs  along  the  margin  of  the  streams  forms  but  a 
small  part  of  the  whole,  for  the  water  also  enters  the  channels  of  the 
streams  below  the  water  level.  In  the  Blue  Grass  region  water  may 
be  seen  seeping  from  the  rocks  along  the  banks  of  the  Ohio  and  other 
streams  or  in  the  depressions  where  the  surface  is  comparatively 
level  and  the  xmderlying  rock  is  impervious.    Many  seeps  on  the  uplan  d 
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are  utilized  for  stock  and  sometimes  for  domestic  purposes  by  digging 
a  hole  in  which  the  water  may  collect. 

The  water  which  emerges  at  any  point  in  sufficient  volimie  to  form 
a  stream  is  called  a  spring.  Springs  are  formed  by  water  coming 
from  imderground  streams  or  by  the  concentration  of  percolating 
water  at  one  point.  It  is  difficult  to  distinguish  sharply  between 
seeps  and  springs  supplied  by  percolating  water,  for  with  variations 
in  the  amount  of  groimd  water  the  springs  may  diminish  in  volume 
imtil  they  become  mere  seeps,  or  the  seepage  may  increase  in  volume 
imtil  springs  are  formed.  In  such  cases  the  name  **  intermittent 
spring"  has  been  used,  but  this  term  is  also  applied  to  certain  springs 
formed  by  underground  streams. 

In  the  Blue  Grass  region  springs  form  a  very  important  source  of 
water  for  domestic  and  industrial  uses,  but  they  are  especially  impor- 
tant as  sources  of  water  for  stock.  They  occur  in  all  parts  of  the 
region  and  in  all  the  geological  formations,  but  large  springs  are 
nmnerous  only  in  the  Lexington  and  Ilighbridge  limestones. 

A  hole  excavated  about  a  spring  or  seep  is  commonly  called  a  pool. 
Pools  are  usually  walled  with  rock  or  cement  and  serve  as  reservoirs 
for  storing  groimd  water.  Some  of  the  pools  in  the  Blue  Grass  region 
are  10  feet  or  more  in  depth.  On  one  side  an  opening  is  left  through 
which  the  animals  may  enter  the  water,  and  the  floor  of  the  pool  is 
made  to  slope  from  the  entrance  so  that  the  animals  may  reach  the 
water  as  its  surface  recedes  during  dry  weather. 

ARTIFICIAL   RECX>VERY. 


The  artificial  recovery  of  underground  water  is  accomplished  by 
means  of  wells,  which  may  be  classified  as  dug,  driven,  bored,  and 
drilled. 

Wells  excavated  by  pick  and  shovel  or  by  blasting  and  removing 
solid  rock  are  called  'Mug  wells.''  A  well  of  this  t>-pe  is  especially 
adapted  to  rock  formations  whose  water  supply  is  scanty  or  is  un- 
evenly distributed,  for  it  furnishes  a  large  surface  for  the  entrance  of 
water  and  a  correspondingly  large  storage  capacity.  Dug  wells  are 
easily  constructed  in  materials  which  are  sufficiently  compact  to 
prevent  caving  of  the  sides;  in  looser  materials  some  sort  of  wall 
must  be  provided.  In  solid  rock  the  work  of  excavation  is  greatly 
increased  by  the  necessity  for  blasting.  In  the  Ohio  Valley  the  early 
wells  were  dug,  some  of  them  to  a  depth  of  50  or  60  feet  or  even 
more.  On  the  uplands  most  of  the  dug  wells  are  20  to  30  feet  deep, 
though  many  are  less  than  20  feet  and  a  few  exceed  30  feet.  A  few 
wells  were  dug  and  blasted  to  a  depth  of  100  feet.     Dug  wells  are 
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especially  liable  to  pollution  because  it  is  difficult  to  entirely  exclude 
impure  surface  water.  The  dug  wells  vary  in  diameter  from  3  to  5 
feet,  but  in  some  localities,  where  a  large  storage  capacity  is  desired, 
some  of  the  dug  wells  are  25  to  30  feet  in  diameter. 

Many  driven  wells  have  been  sunk  in  the  sands  and  gravels  along 
Ohio  River,  and  a  few  have  been  sunk  in  similar  materials  in  the 
gorge  of  Kentucky  River.  Such  wells  are  adapted  only  to  uncon- 
solidated sands  and  gravels,  and  hence  there  are  none  on  the  uplands. 

Bored  wells  are  excavated  with  an  auger  and,  like  driven  wells,  are 
adapted  only  to  loose  materials.  A  few  bored  wells  have  been  sunk 
in  the  gravels  along  Ohio  River.  As  the  well  is  deepened  an  iron 
pipe  the  size  of  the  hole  is  driven  into  the  bore  to  prevent  the  walls 
from  caving.  In  some  wells  a  strainer  is  placed  in  the  lower  end  of 
the  pipe;  but  in  others  the  pipe  is  driven  down  to  within  8  or  10 
feet  of  the  bottom  of  the  hole  and  the  water  enters  through  the  sand 
or  gravel  below  the  end  of  the  pipe.  This  method  of  sinking  wells 
is  slow,  and  unless  the  well  is  cased  to  the  bottom  the  lower  part  of 
the  bore  is  apt  to  fill  in  a  very  short  time. 

Drilled  wells  are  put  down  by  machinery  of  various  sorts.  In  the 
Blue  Grass  region  two  types  of  machinery  have  been  used.  In  the 
Ohio  Valley  at  Covington  a  few  wells  have  been  sunk  by  means  of  a 
rotating  pipe  with  loose  steel  shot  at  the  cutting  end.  This  method 
gives  a  core  of  rock  nearly  as  large  as  the  inside  diameter  of  the  pipe 
and  thus  enables  the  driller  to  judge  the  nature  of  the  materials.  On 
the  uplands  the  churn  drill  is  used.  This  drill  depends  for  its  eflFect- 
iveness  on  the  impact  of  a  heavy  steel  bit  which  is  raised  and  dropped 
in  the  hole.  The  drills  are  operated  by  horse  power  or  by  steam  or 
gasoline  engines.  They  are  especially  adapted  to  such  rocks  as  are 
found  in  the  region. 

The  type  known  as  the  diamond  drill,  which  uses  diamonds  set  in 
the  bottom  of  the  pipe  instead  of  the  loose  shot,  is  not  used  in  the 
Blue  Grass  region. 

In  unconsolidated  materials  the  jet  process  is  often  used.  In  this 
process  a  stream  of  water  is  forced  into  the  hole  to  loosen  and  wash 
out  the  material.  An  iron  casing  is  forced  in  as  fast  as  the  hole  is 
excavated. 

The  cost  of  drilling  wells  in  the  Blue  Grass  region  ranges  from  50 
cents  to  $2  a  foot,  depending  upon  the  diameter  of  the  well  and  the 
amount  of  competition  between  drillers,  the  average  being  about  $1  a 
foot.  Driven  and  bored  wells  also  cost  about  $1  a  foot,  the  range 
being  from  75  cents  to  $2.50.  The  cost  of  dug  wells  can  not  be 
readily  ascertained,  because  few  have  been  sunk  within  the  last 
thirty  years  and  most  of  the  old  ones  were  excavated  by  day  laborers. 
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WELL  CASINOS. 

Dug  wells  in  uncoDsolidated  materials  are  commonly  walled  with 
rock,  which  is  rarely  well  cemented.  Where  the  wells  enter  rock  the 
casing  is  usually  used  above  the  rock,  but  in  some  places  whexe  tlw* 
residual  soil  is  thin  no  casing  is  used.  The  rock  walls  would  be 
materially  improved  by  cementing  them  firmly  together  and  to  the 
rock  below,  as  this  would  exclude  a  large  amount  of  surface  water. 
In  the  Ohio  River  valley  the  wells  which  have  been  bored,  driven,  or 
drilled  are  all  cased  with  iron  pipe. 

The  drilled  wells  on  the  upland  are  also  cased  with  iron  pipe,  whici 
extends  only  to  the  solid  rock.  These  wells  might  be  rendered  sider 
from  pollution  by  taking  greater  precaution  to  make  a  water-ti^t 
joint  between  the  casing  and  the  rock.  Where  the  soil  is  thin  the 
could  be  done  by  digging  down  to  the  rock  and  cementing  the  casing 
to  it,  but  where  the  loose  material  is  several  feet  thick  it  would  be 
more  convenient  and  economical  to  use  rubber  washers,  such  as  are 
used  in  oil  wells. 

Certain  wells  might  be  improved  by  casing  off  supplies  of  polluted 
surface  water  from  underground  streams  near  the  surface;  and  some 
of  the  deep  wells  which  have  encountered  both  fresh  and  brackish 
waters  could  be  improved  by  plugging  the  well  below  the  supply  of 
fresh  water.  In  a  few  wells  where  water  escapes  through  cracks  ot 
crevices  above  the  point  where  the  supply  was  encountered  the  head 
would  be  increased  by  extending  the  casing  below  the  opening  through 
which  the  water  escapes. 

METHODS  OP  RAISING   WATER. 

All  artificial  recovery  of  undergroimd  water  except  that  by  flowing 
wells  requires  the  use  of  some  method  of  raising  the  water  to  the 
surface.  In  some  dug  wells  a  bucket  is  used,  the  water  being  drawn 
up  by  a  rope  attached  to  a  windlass.  Rarely  an  old-fashioned  weD 
sweep  is  employed,  or  the  bucket  may  be  raised  from  the  well  by 
hand  without  the  use  of  any  apparatus. 

Chain  or  valve  piunps  are  used  in  many  wells.  The  chain  pump 
is  held  in  high  favor  because  a  great  part  of  the  water  which  it  raises 
falls  back  into  the  well  and  thiis  affords  a  certain  amoxmt  of  aeration 
for  the  water. 

In  the  drilled,  driven,  and  bored  wells  force  piunps  are  commonly 
used.  Hand  power  is  the  most  usual  method  of  pumping,  but  wind- 
mills or  engines  are  used  where  large  supplies  are  required.  Wind- 
mills have  not  everywhere  proved  satisfactory,  especially  on  the  laige 
stock  farms,  and  many  of  them  are  being  replaced  by  gasoline  engines. 
Steam  engines  are  used  to  pump  water  for  industrial  plants  where  a 
constant  supply  is  needed.     A  few  hot-air  engines  are  also  used  for 
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raising  water  in  tlie  Blue  Grass  region,  and  under  certain  favorable 
conditions  '*air  lifts"  have  been  installed. 

COIiliECTION  AND  STORAGE  OP  RAIN  WATER. 

CISTERNS. 

Kain  water  is  collected  and  stored  in  cisterns,  ponds,  and  reser- 
voirs. Where  a  small  amount  of  water  is  needed  it  is  usually  col- 
lected from  roofs  and  stored  in  cisterns.  This  method  of  procuring 
water  for  domestic  use  prevails  throughout  the  upland  areas  of  the 
Blue  Grass  region,  and  as  cistern  water  is  comparatively  free  from 
mineral  matter  it  is  usually  considered  more  desirable  than  under- 
ground water. 

Cisterns  are  ordinarily  excavated  to  a  depth  of  10  to  20  feet,  and 
where  the  materials  are  unconsolidated  the  cisterns  are  walled.  In 
some  parts  of  the  Blue  Grass  r^on  the  wall  is  made  of  brick  laid 
in  cement,  but  the  wall  material  most  conmionly  used  is  stone.  A 
stone  wall,  however,  is  satisfactory  only  where  great  care  is  taken  to 
secure  a  perfect  joint.  Cisterns  in  rock  are  Tiot  walled,  but  the 
cement  is  applied  to  the  rock,  and  if  the  rock  contains  water-bearing 
crevices  the  cement  wall  is  apt  to  be  too  weak  to  withstand  the  hydro- 
static pressure  of  the  water  outside  the  cistern.  Under  such  circimi- 
stances  the  cistern  should  be  walled  just  as  if  it  were  in  xmconsoli- 
dated  materials.  In  some  cisterns  where  the  rock  is  exceptionally 
solid  no  cement  is  used,  but  the  omission  of  the  cement  is  hardly  safe, 
because  practically  all  rock  admits  some  ground  water  into  the 
cistern  or  allows  some  of  the  rain  water  to  escape.  Moreover,  the 
rain  water  which  is  stored  in  imcemented  cisterns  gradually  dis- 
•  solves  mineral  matter  from  the  rock  and  becomes  hard. 

Rain  water  collected  after  roofs  and  spouts  have  been  thoroughly 
washed  is  practically  free  from  inorganic  matter.  The  desired  wash- 
ing is  usually  accomplished  by  allowing  the  first  water  which  falls  to 
escape  through  a  waste  valve.  After  the  roof  and  pipes  have  been 
cleansed  the  waste  valve  is  closed  and  the  water  is  allowed  to  enter 
the  cistern.  This  method  is  inconvenient,  especially  if  the  rainfall 
comes  in  the  night,  but  it  is  desirable  if  the  cistern  water  is  to  be 
kept  pure  and  wholesome.  During  dry  weather  objectionable 
material  of  various  sorts,  such  as  dust  that  may  contain  germs  of 
dangerous  disease,  leaves,  or  twigs,  lodges  on  the  roof  or  in  the  eaves 
troughs.  Eaves  troughs  especially  need  constant  attention,  for 
they  are  frequently  the  nesting  places  of  binls.  Roofs  should  be 
kept  painted  to  prevent  the  growth  of  moss  and  the  accumulation 
of  filth  in  the  cracks. 

Small  filters  are  much  use<l  to  purify  the  water  before  it  enters  the 
cistern,    but   their   efficiency    has    frequently    been   overestimated. 
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Filters  such  as  those  here  described  may  be  used  to  remove  some  of 
the  suspended  matter  which  may  have  been  derived  from  unclean 
roofs  or  water  spouts,  but  they  can  not  be  depended  upon  to  free  the 
water  from  the  organic  matter  which  is  apt  to  cause  disease.  The 
filter  in  most  common  use  consists  of  a  tin  cylinder,  2  to  3  feet  high 
and  18  to  24  inches  in  diameter,  partly  filled  with  alternating  layers 
of  charcoal  and  sand  or  with  charcoal  alone.  Above  this  material 
is  a  screen  which  catches  the  leaves  and  fragments  of  wood  that  may 
be  washed  from  the  roof.  Filters  of  this  type  are  valuable  only  when 
they  are  kept  clean  and  the  filtering  materials  are  renewed  fre- 
quently. A  filter  of  another  type  is  excavated  in  the  groimd  and 
walled  like  a  cistern.  The  filter  is  made  large  enough  to  hold  the 
water  from  a  single  storm  and  is  connected  with  the  cistern  by  a  pas- 
sage placed  some  distance  above  the  bottom  of  the  filter.  The  sedi- 
ment collects  below  the  level  of  the  connecting  passage  and  may  be 
removed  through  a  manhole  at  the  top  of  the  filter  chamber.  The 
filtering  materials  are  so  arranged  that  all  the  water  entering  the 
cistern  must  pass  through  them.  Jjike  the  materials  used  in  other 
filters  they  should  be  frequently  renewed  or  they  will  become  filled 
with  foreign  matter  and  their  efficiency  will  be  reduced.  These 
large  filters  are  more  expensive  than  the  others,  but  when  prof)erly 
constructed  and  cared  for  they  are  much  more  effective. 

RESERVOIRS. 

Reservoirs  built  to  impound  surface  waters  are  numerous  through- 
out the  upland  areas  of  the  Blue  Grass  region.  These  reservoirs 
furnish  water  of  good  quality,  both  for  city  supplies  and  for  farm  use. 
As  a  rule  the  water  is  not  highly  mineraUzed,  but  it  is  likely  to  be  tur- 
bid, especially  where  the  catchment  area  is  cultivated.  In  selecting  a 
site  for  a  reservoir  it  is  best  to  choose  some  place  where  the  area  of  the 
water  surface  will  be  reduced  to  a  minimimi,  as  the  smaller  the  area 
the  smaller  the  loss  by  evaporation.  The  best  location  is  in  a  com- 
paratively narrow  valley  with  a  steep  gradient,  which  will  permit 
the  construction  of  a  deep  and  narrow  reservoir.  In  some  such 
places,  however,  the  rock  beneath  the  selected  site  is  found  to  be  so 
badly  fissured  that  it  would  be  impossible  to  prevent  leakage, 
rjnder  such  conditions  another  location  must  be  sought.  In  the 
country  districts  these  artificial  reservoirs,  or  ponds  form  a  very 
important  source  of  water  for  stock. 

For  city  supplies  it  is  often  necessary  to  build  more  than  one 
reservoir,  and  such  reservoirs  may  be  arranged  one  above  another 
on  the  same  stream.  This  arrangement  has  three  distinct  advan- 
tages: It  allows  the  collection  of  a  supply  of  water  during  wet  weather 
amply  sufficient  to  last  through  a  drought;  in  its  passage  from  one 
reservoir  to  another  the  water  receives  some  aeration ;  and  the  upper 
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reservoir  catches  most  of  the  sediment  and  thus  lowers  the  turbidity 
of  the  water  at  the  point  of  intake  in  the  lower  reservoir. 

MUNICIPAIi  WATER  SUPPLIES. 

SOURCES  OF  SUPPLY. 

In  the  Blue  Grass  region  both  underground  and  surface  waters  are 
used  for  city  supplies.  The  surface  water  is  taken  from  rivers  or 
small  streams.  The  underground  water  is  taken  from  streams  in 
limestone,  the  supplies  being  obtained  from  wells  which  penetrate 
the  channel  of  the  stream  or  from  springs  at  the  point  where  the 
underground  water  reaches  the  surface. 

SURFACE   WATER. 

The  important  sources  of  surface  water  for  the  region  are  Ohio 
River  and  its  principal  tributaries,  or  the  small  streams  that  enter 
these  tributaries.  Some  of  the  small  streams  which  are  utilized  for 
city  supplies  flow  only  a  part  of  the  year,  and  hence  it  is  necessary  to 
build  storage  reservoirs. 

The  surface  water  is  ordinarily  used  without  attempt  to  free  it 
from  the  suspended  matter  present,  though  settling  basins  or  filter 
plants  have  been  constructed  in  a  few  places.  Where  more  than  one 
storage  reservoir  is  available  it  is  possible  to  utilize  the  uppermost  as 
a  settling  basin,  but  the  sediment  may  be  so  fine  that  much  of  it  will 
reach  the  lower  reservoir  where  the  intake  is  located. 

The  sanitary  character  of -the  surface  water  varies  greatly.  Ohio 
River  water  is  probably  the  most  objectionable,  because  it  receives 
the  sewage  of  a  number  of  cities  above  the  region.  The  other  rivers 
receive  less  sewage,  but  all  of  them  flow  through  regions  more  or 
less  densely  populated.  The  water  which  is  taken  from  small  streams 
varies  in  character,  according  to  the  local  conditions.  One  supply 
is  from  a  stream  which  receives  no  drainage  from  farms,  but  all  the 
other  supplies  are  from  streams  which  are  to  some  extent  polluted. 

UNDERGROUND   WATER. 

In  some  localities  the  limitations  imposed  by  nature  make  it  impos- 
sible to  procure  enough  underground  water  of  a  suitable  quality  for 
a  city  supply.  Certain  geologic  formations  of  the  Blue  Grass  region 
will  not  yield  enough  water  at  any  one  place  for  a  city,  while  others 
contain  water  which  is  too  highly  mineralized  for  ordinary  use.  In 
fact,  there  are  only  two  geologic  formations — the  Lexington  lime- 
stone and  the  alluvium  of  the  Ohio  Valley — which  will  furnish  enough 
underground  water  of  suitable  quality  for  a  city,  and  neither  can  be 
relied  upon  to  supply  a  large  settlement.     Water  from  the  Lexington 
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limestone  is  fit  for  use  only  when  it  is  obtained  above  the  level  of  sur- 
face drainage,  and  enough  water  for  a  pubHc  supply  can  be  obtained 
only  in  certain  localities  where  underground  drainage  is  extensively 
developed. 

COMPARATIVE  VALUE  OP  UNDERGROUND  AND  SURFACE 

SUPPLIES. 

Although  most  people  prefer  underground  water  to  surface  water, 
the  preference  is  seldom  based  upon  a  careful  consideration  of  the 
relative  merits  of  the  two  supplies.  Water  from  the  alluvial  gravels 
of  the  Ohio  Valley  is  little  utilized  as  a  source  of  supply,  because  of 
its  proximity  to  the  river,  from  which  a  large  quantity  of  water  may 
be  easily  obtained.  The  Lexington  limestone  supplies  considerable 
water  in  some  localities  where  surface  water  can  not  be  obtained  with- 
out constructing  storage  reservoirs.  The  water  from  the  gravels  is 
probably  freer  from  pollution  than  surface  water,  because  it  under- 
goes filtration  in  its  passage  through  the  sand;  but  it  contains  con- 
siderable mineral  matter,  which  must  be  removed  before  it  is  suitable 
for  some  industrial  uses.  The  surface  water  is  often  polluted  by 
sewage  and  surface  drainage,  and  hence  its  sanitary  condition  is 
doubtful.  It  also  contains  a  large  amount  of  suspended  matter, 
which  unfits  it  for  certain  purposes.  The  polluting  substances  and 
suspended  matter  may  be  removed  from  the  surface  water  by  filtra- 
tion, and  the  dissolved  mineral  matter  in  the  water  from  the  gravel 
may  be  precipitated  by  the  use  of  softening  compounds.  As  it 
usually  costs  more  to  soften  water  than  to  filter  it,  the  surface  water 
may  be  regarded  as  more  satisfactory  for  municipal  and  industrial 
purposes  than  the  water  from  the  gravels. 

Wherever  the  I^exington  limestone  yields  large  supplies,  the  water 
is  derived  from  streams  flowing  in  caverns,  and  these  underground 
streams  do  not  differ  from  surface  streams  in  any  essential  particular 
except  that  they  are  partially  covered  by  a  roof  of  limestone  capped 
by  a  few  feet  of  clay. 

As  the  underground  streams  are  partly  covered,  they  probably 
receive  less  objectionable  drainage  than  the  surface  streams.  This 
is  counterbalanced  by  the  fact  that  the  drainage  basin  of  the  surface 
stream  is  well  known,  and  hence  it  is  possible  to  discover  sources  of 
pollution.  The  courses  of  the  underground  streams  and  their  tribu- 
taries are  Httle  known,  and  it  is  not  often  possible  to  protect  them 
against  pollution.  There  is,  moreover,  small  chance  for  the  water 
in  the  underground  stream  to  be  purified  by  natural  means.  There- 
fore the  surface  streams  usually  form  a  more  desirable  source  of  sup- 
ply than  the  underground  streams.  The  water  from  either  source 
should,  as  a  rule,  be  filtered  before  it  can  be  regarded  as  safe. 
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For  industrial  uses  the  surface  waters  have  a  decided  advantage 
over  those  from  the  limestone,  because  they  contain  much  less  min- 
eral matter  in  solution.  It  is  true  that  the  underground  waters  from 
the  Lexington  limestone  are  well  adapted  to  certain  industries;  but 
they  would  need  to  be  softened  before  they  could  be  utilized  for  all 
purposes. 

POLLUTION   OF  UNDERGROUND  WATER   IN   THE   LEXINGTON 

LIMESTONE. 

In  the  preparation  of  this  section  on  the  pollution  of  iinderground 
waters  in  the  Lexington  limestone  an  attempt  has  been  made  to 
avoid,  as  far  as  possible,  all  strictly  scientific  and  technical  discus- 
sions, such  as  the  eflBciency  of  natural  purification  of  waters  and  the 
value  of  various  artificial  methods  of  purification.  Because  of  a 
desire  to  make  the  discussion  as  useful  as  possible,  stress  is  placed  upon 
the  simple  methods  of  tracing  imdergroimd  streams  and  determining 
possible  soiux^es  of  pollution. 

The  shallow  water  from  the  Lexington  Umestone  is  used  for  city 
supplies,  and  is  fairly  satisfactory.  Certain  features  of  this  aquifer, 
however,  suggest  the  possibiUty  of  pollution.  Though  it  is  possible 
to  state  certain  general  facts  bearing  on  the  subject  of  pollution, 
it  is  necessary  to  deal  with  each  individual  case  strictly  on  its  merits. 
The  most  important  generaUzation  is  that  the  water  which  flows  in 
limestone  channels  is  not  completely  pimfied  by  its  passage  through 
those  channels.  There  is  a  popidar  idea  that  water  is  purified  by 
passing  a  short  distance  imderground,  a  beUef  based  partly  on  the 
effect  of  sand  or  sandstone  on  the  water  that  traverses  them.  In 
close-grained,  water-bearing  rocks  the  purification  is  in  part  mechan- 
ical and  takes  place  because  the  openings  between  the  sand  grains 
are  very  small;  in  other  words,  in  removing  objectionable  matter 
the  sand  acts  much  Uke  a  filter.  But  when  water  flows  through 
channels  in  limestone  there  is  no  filtration,  and  probably  but  Uttle 
natural  purification.  The  flow  of  water  in  Umestone  channels  may 
be  compared  with  its  movement  through  ordinary  water  mains,  and 
the  chances  for  purification  are  about  equal  in  the  two  cases.  As 
there  is  Uttle  chance  for  natural  purification  of  Umestone  waters,  it 
becomes  desirable  to  prevent  poUution,  and  this  can  best  be  accom- 
plished after  the  soiuxse  of  the  poUuting  matter  and  the  methods  by 
which  it  reaches  the  water  are  thoroughly  imderstood. 

Persons  using  underground  water  are  apt  to  consider  its  appearance 
and  temperature  indications  of  purity,  for  it  is  generaUy  beUeved  that 
water  which  is  clear  and  cold  is  pure.  No  such  belief  is  warranted  by 
the  facts,  for  some  of  the  most  dangerously  poUuted  waters  are  both 
clear  and  cold. 


Digitized  by  VjOOQIC 


76 


WATERS  OF   BLUE  GRASS  REGION,   KENTUCKY. 


(Vrtain  waters  will  be  rejected  as  unfit  for  use  because  of  lh# 
occurrence  in  them  of  straw  or  other  visible  materials  of  oi^g:aiik 
origin,  and  the  wisdom  of  such  rejection  is  too  apparent  to  neeJ 
comment.  The  presence  of  suspended  matter  in  water  is  often  takes 
as  an  indication  of  the  entrance  of  surface  water  through  an  oper 
sink  hole,  but  such  conclusion  also  may  be  erroneous. 

From  an  inspection  of  the  accompanying  diagrams  it  will  be  9ee2 
that  the  presence  or  absence  of  sediment  can  not  be  considered  a  safe 


FiouBE  5.— Diagram  of  cavern  shovring  how  sediment  may  be  deposited  by  Uie  undergroaxHl  stnvE. 

indication  of  the  presence  or  absence  of  surface  drainage.  In  th* 
diagram  (fig.  5)  sediment-laden  surface  water  entering  at  A  may  be 
so  retarded  in  the  chamber  B  that  it  deposits  its  suspended  matter 
and  passes  through  the  constricted  channel  (7,  to  emerge  at  D  com- 
paratively clear.  In  this  case  the  water,  though  free  from  sediment. 
may  contain  considerable  surface  drainage  in  some  other  form.  In 
figure  6,  absolutely  uncontaminated  water  in  its  passage  round  thf 
fallen  material  from  the  closed  sink  A  may  obtain  sediment  and 
emerge  at  B  so  turbid  as  to  cause  the  erroneous  deduction  that  therp 
is  a  direct  connection  with  surface  drainage. 

The  conditions  represented  by  these  two  figures  are  transitory,  for 
the  chamber  B  (in  fig.  5)  will  soon  become  partly  filled  with  sill 


Figure  6.— Diagram  of  cavern  showing  how  sediment  may  be  obtained  by  the  underground  stnwm. 

so  that  the  water  passing  through  the  channel  C  will  transport  « 
considerable  amount  of  sediment,  wliile  the  gradual  removal  of 
material  (in  fig.  6)  from  the  sink  A  will  soon  form  an  open  hole. 
Such  conditions  may  also  be  intermittent.  In  any  case  it  is  ^se  to 
refrain  from  drinking  underground  water  which  contains  silt  or  clay. 
for  while  these  materials  in  themselves  are  seldom  injurious,  thev 
may  indicate  the  presence  of  surface  drainage  which  has  reoeivetl 
little  or  no  natural  purification.     It  must  not  be  inferred  that  all 
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Burface  drainage  is  harmful,  but  it  is  well  to  bear  in  mind  the.possi- 
bilities  of  pollution  by  such  drainage,  and  if  any  part  of  the  surface 
drainage  comes  from  a  city  or  from  dwellings,  the  water  should  be 
rejected. 

It  was  formerly  thought  that  a  sanitary  analysis  of  water  was  a 
reliable  means  of  determining  its  potabiUty,  but  this  dependence  upon 
chemical  tests  has  Httle  by  Uttle  proved  to  be  imsafe.  For  this 
reason  a  careful  examination  of  the  drainage  basin  to  discover  possible 
sources  of  pollution  is  recommended  as  more  reUable  than  chemical 
or  bacteriological  examinations  of  the  water.  On  this  subject  Dole  *» 
says: 

la-brief  summary  it  may  be  said  that  careful  study  by  practical  sanitarians  of  the 
chemical  and  bacteriological  results  of  analyses,  made  not  in  one  small  section  alone 
but  all  over  the  coimtry,  has  failed  to  show  that  laboratory  methods  can  be  depended 
upon  to  detect  pollution.  On  the  other  hand,  sanitary  survey  strikes  directly  at  the 
source  of  the  evil — pollution — and  affords  definite  bases  for  its  removal  or  for  protec- 
ticm  against  it. 

The  futility  of  sanitary  analyses  is  illustrated  by  several  examples 
given  by  I^ighton.*  One  citation  is  of  especial  interest  to  inhab- 
itants of  the  Blue  Grass  region,  because  the  samples  of  water  were 
taken  from  Kentucky  River.  In  this  case  one  sample  of  water  was 
taken  from  Kentucky  River  at  the  intake  of  the  Frankfort  water- 
works and  another  was  taken  from  the  same  stream  below  the  outlets 
of  the  city  sewers.  Both  samples  were  taken  on  the  same  date  and 
were  judged  by  the  standards  usually  employed  in  determining  the 
potability  of  water.     The  conclusion  reached  by  Leighton  *"  is : 

The  important  feature  *  *  *  is  that  here  is  a  water,  or  a  dilute  sewage,  taken 
below  the  sewere  of  a  city  of  20,000  inhabitants  showing  practically  the  same,  if  not 
I  better,  condition,  according  to  the  interpretation  standards,  than  another  sample 
taken  from  the  stream  above  the  sewers. 

This  conclusion  should  not  be  taken  as  a  condemnation  of  the 
city  supply  of  Frankfort,  for  it  merely  shows  the  absurdity  of  relying 
upon  sanitary  analyses  alone  to  determine  the  potability  of  water. 

A  satisfactory  method  of  determining  the  potabihty  of  water  is 
by  means  of  a  sanitary  survey  of  the  watershed  from  which  the 
supply  is  drawn.  Such  survey,  including  as  it  does  an  examination 
of  the  entire  watershed  from  which  the  supply  is  taken,  makes  prac- 
ticable the  determination  of  the  sources  of  polluting  matter  and  the 
adoption  of  measures  to  prevent  contamination.  Wherever  streams 
flow  through  inhabited  areas  considerable  objectionable  matter  is 
certain  to  enter  the  water  and   pollution  can  not  be  entirely  pre- 

•  DoIp,  R.  B.,  Sanitary  Inspwllonvorsiis  sanitary  analysis:  Proc.  Am.  l*iib.  Health  Assoc.,  vol.  31,  pt.  1, 
1W6,  p.  CO. 

^L^ightOD,  M.  O.,  Tiic  futility  of  a  sanitary  wu1«t  analysis  as  a  t«*sl  of  potability:  IHologlcal  studios  l>y  the 
poplls  of  Win.  Thompson  Sedgwick,  Boston,  19<)*i,  pp.  3(W53. 

cldem.,p.  43. 
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vented.  For  tliis  reason  filtration  is  desirable;  but  the  dangers  from 
such  pollution  may  be  minimized  by  the  use  of  ordinary  care  in  tbe 
disposal  of  sewage  and  other  waste  materials. 

Sanitary  surveys  of  small  surface  streams  may  be  made  with  con- 
siderable ease,  but  similar  examinations  of  imderground  streams  ai* 
attended  with  more  or  less  difficulty.  In  order  to  ascertain  the  pos- 
sible sources  of  pollution  in  an  undergroimd  stream  in  Hmestone,  it 
is  first  necessary  to  determine  the  location  of  the  channels  of  the 
main  stream  and  its  tributaries.  The  course  of  the  undei^TO)ui»i 
system  may  usually  be  inferred  from  the  general  slopje  of  the  surface 
and  the  position  of  sink  holes.  The  location  of  minor  tributaries  k 
often  so  uncertain  that  it  is  necessary  to  go  over  the  probable  drainage 
basin  with  great  care.  In  addition  to  examining  the  areas  which 
from  their  surface  slope  are  associated  with  the  imderground  stream. 
it  is  advisable  to  survey  the  territory  immediately  adjoining  them, 
because  some  underground  streams  pass  beneath  siu^ace  divides. 

Besides  considering  the  coiurse  of  the  imderground  stream  it  is  also 
necessary  to  know  how  siuface  drainage  reaches  it.  The  water  in 
the  limestones  flows  in  well-defined  channels,  to  which  it  gains  access 
either  by  seepage  through  the  soil  or  directly  through  open  sink  holes. 
A  portion  of  the  water  which  enters  the  soil  is  almost  certain  to  find 
its  way  to  some  imderground  stream,  either  directly  or  through  some 
of  the  numerous  crevices  which  traverse  the  limestone,  and  althou^ 
it  may  receive  some  filtration  and  oxidation  in  its  passage  through  the 
soil,  reliance  can  not  safely  be  placed  upon  this  method  of  piuification. 
The  water  which  passes  through  the  open  sink  holes  carries  with  it 
much  of  the  objectionable  matter  it  may  have  obtained  in  its  passage 
over  the  surface  of  the  ground.  Whatever  piuification  this  water 
undergoes  takes  place  as  the  result  of  oxidation,  bacterial  action,  etc., 
in  the  stream ;  and  it'is  doubtful  if  the  changes  i,o  which  such  objec- 
tionable matter  is  subjected  are  sufficient  to  render  recently  polluted 
water  potable. 

In  the  United  States  tracing  the  course  of  underground  streams 
has  received  little  attention,  but  in  Europe,  especially  in  the  vicinity 
of  Paris,  much  work  of  this  sort  has  been  done.  A  summary  of  inves- 
tigations made  by  the  city  of  Paris  is  presented  by  Dole  ^  in  Water- 
Supply  Paper  No.  160,  and  the  reader  is  referred  to  that  publication 
for  a  discussion  of  the  results. 

The  common  method  of  tracing  imderground  streams  in  limestone 
is  to  introduce  some  substance  into  the  underground  channel  at  a 
convenient  place  and  then  to  determine  the  presence  or  absence  of 
the  material  thus  added  by  examining  samples  of  water  from  the 
underground  stream  at  another  place  more  or  less  removed  from  the 


a  Dole,  R.  B,,  Use  of  fluorescein  In  the  study  of  underground  waters:  Wster-Supply  Ptpor  U.  8.  Ocot 
Survey  No.  160, 1906,  pp.  7'S-S5, 
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point  of  initial  introduction.  Sometimes  chemical  salts  are  dissolved 
in  water  and  introduced  into  the  imderground  stream  either  directly 
through  open  holes  or  by  seepage  through  the  soil.  Compounds 
which  have  been  used  are  chlorides  of  sodium,  calcium,  or  anmionium, 
potassium  nitrate,  and  compoimds  of  Uthium  or  of  iron.  After  the 
introduction  of  one  of  these  substances  chemical  tests  for  its  presence 
are  made  at  frequent  intervals  in  samples  of  water  taken  from  the 
well  or  spring  under  study.  For  various  reasons  sodium  chloride  has 
been  found  to  be  most  satisfactory  and  it  is  conunonly  used  in  prefer- 
ence to  the  other  compounds.  Successful  experiments  have  also  been 
made  by  coloring  the  water  with  solutions  of  potassium  permanga- 
nate, fuchsine,  Congo  red,  methylene  blue,  and  fluorescein.  Such 
substance  as  flour,  starch,  sawdust,  leaves,  oil,  or  cultures  of  bacteria 
may  be  suspended  in  the  water  and  samples  from  the  suspected  spring 
or  well  water  may  be  examined  to  determine  their  presence  or  absence. 
The  choice  of  the  material  to  be  used  depends  largely  on  local  condi- 
tions. Oil  and  other  substances  which  float  on  the  water  are  satis- 
factory only  where  there  are  no  quiet  reaches  of  water  and  no  marked 
constrictions  in  the  channel  to  delay  their  progress.  In  some  streams 
they  have  proved  satisfactory,  while  in  others  they  have  given  nega- 
tive residts,  and  they  are  most  useful  in  connection  with  other  tests. 

The  use  of  fluorescein,  one  of  the  coal-tar  products,  is  especially 
reconmiended,  because  this  dye  is  not  easily  affected  by  the  substances 
nsually  occurring  in  groimd  waters,  and  its  color  may  be  detected  in 
very  dilute  solutions.  According  to  Dole's  abstract,**  solutions  con- 
taining 1  part  of  fluorescein  to  10  billion  parts  of  water  will  show,  with 
the  proper  apparatus,  the  characteristic  color  of  the  fluorescein. 

Salt  or  fluorescein  may  be  placed  in  the  underground  stream  and 
t^ts  for  their  presence  made  at  wells  or  springs  at  frequent  intervals. 
In  this  way  the  time  required  for  the  substance  to  traverse  the  dis- 
tance between  the  point  of  introduction  and  the  places  where  samples 
are  taken  may  be  determined.  If  desired,  the  sampling  may  be  con- 
tinued until  the  water  retiuns  to  its  normal  condition.  It  is  usually 
best  to  take  samples  of  water  from  as  many  soiu'ces  as  possible  in 
order  to  determine  the  underground  water  conditions  over  an  extended 
area.  After  the  water  has  returned  to  its  normal  condition  the  testing 
materials  may  be  introduced  at  some  new  locality  and  samples  taken 
as  before.  This  process  can  be  repeated  until  the  soiu'ces  of  the 
undergroimd  water  are  determined.  It  will  usually  be  found  that 
the  stream  receives  tributaries  from  different  directions  in  about  the 
same  manner  as  siu^ace  streams. 

In  choosing  a  spot  for  the  introduction  of  the  testing  materials, 
preference  is  naturally  given  to  places  where  there  is  free  access  to 
the  underground  channels,  either  through  sink  holes  or  through  wells. 


o  Op.  cit. 
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In  such  places  the  fluorescein  solution  may  be  poured  into  the  streaiL 
The  most  satisfactory  method  of  introducing  salt  is  in  the  form  of  i 
strong  brine,  which  may  be  allowed  to  flow  into  the  stream.  Wher?i 
open  sink  holes  or  wells  are  not  available,  the  fluorescein  or  brine  n 
usually  placed  in  a  shallow  depression  and  allowed  to  enter  the  under- 
ground stream  by  percolation  through  the  soil.  In  order  to  detenniD^ 
whether  a  cesspool  drains  into  the  imderground  stream,  the  identifrinj 
material  is  usually  placed  in  the  cesspool  and  tests  are  then  m&de  t  i 
determine  its  presence  in  the  stream. 

The  use  of  salt  in  tracing  underground  drainage  requires  a  cert^a] 
amount  of  chemical  knowledge  and  some  skill  in  the  use  of  chemicil 
apparatus,  because  it  is  not  usually  practicable  to  introduce  enough 
of  the  material  for  recognition  except  by  chemical  examinatk>a 
Fortunately  the  test  for  salt  is  simple  enough  to  be  readily  understofhl 
by  those  who  are  not  speciaUats  in  the  subject.  It  is  made  by  deter 
mining  the  amount  of  chlorine  present  in  the  water  both  before  anJ 
after  the  addition  of  salt  (sodium  chloride),  and  the  procedure  f« ) 
this  estimate  is  that  in  common  use  among  water  analysts,  namely; 
titration  with  silver  nitrate  solution,  using  potassium  chromate  int> 
cator.     The  method  is  outUned  in  detail  by  Leighton.* 

The  amount  of  salt  necessary  for  any  given  test  depends  I&rgeh 
upon  the  mode  of  introduction  into  the  imderground  channel  and  th^ 
volume  of  the  stream.  Where  the  salt  can  be  poured  into  ope3 
sinks,  it  is  possible  to  get  satisfactory  results  with  a  smaller  amounl 
than  where  it  is  necessary  to  depend  upon  percolation  through  S4»L, 
In  the  examination  of  the  big  spring  at  Georgetown,  Ky.,  from  2  t<! 
4  barrels  of  salt  were  used  with  good  results;  and  as  this  is  one  »>l 
the  largest  springs  in  the  Blue  Grass  region,  it  appears  probable  thai 
the  maximum  amount  given  above  should  be  ample  for  the  examine 
tion  of  most  of  the  underground  streams  in  the  area.  However,  fo: 
such  streams  as  those  that  emerge  at  the  large  spring  at  Spring  Stati*  'i: 
or  at  Russell  Cave,  it  might  be  necessary  to  use  from  6  to  10  barreid 
in  order  to  procure  decisive  results. 

Fluorescein  could  doubtless  be  used  in  tracing  the  course  of  the  un- 
derground streams  in  the  Umestones  of  the  Blue  Grass  region,  and 
because  the  test  employed  in  detecting  its  presence  in  water  is  s<i 
simple  its  use  is  attended  with  fewer  difficulties  than  theiise  of  salt. 
It  is  introduced  into  the  underground  streams  either  directly  through 
wells  or  open  sink  holes  or  by  percolation  through  soil.  In  alkalinti 
waters  a  strong  solution  of  fluorescein  gives  a  red  color  by  trans- 
mitted  Ught  and  appears  green  by  reflected  Ught.  If  the  solution  is 
very  dilute,  the  red  color  is  not  detectible,  but  the  green  color  iii 
very  powerful.  An  apparatus  called  a  fluoroscope,  described  io 
Water-Supply  Paper  160,  has  been  devised  for  recognizing  small 

a  Lelghton,  M.  O.,  Field  assay  of  water:  Water-Supply  Paper  U.  S.  QeoL  Survey  No.  161, 19as,<.5o  pp,  «l 
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quantities  of  the  dye  in  samples  of  water.  This  instrument  is  very 
simple,  consisting  merely  of  long,  colorless  glass  tubes  plugged  at  one 
end  by  stoppers  blackened  with  plumbago.  The  tubes  are  filled  with 
the  samples  of  water,  and  the  presence  of  fluorescein  is  demonstrated 
by  a  greenish  tinge  of  the  sample  when  it  is  viewed  by  reflected  light. 
Oil,  fragments  of  wood,  and  sodium  chloride  were  used  in  studying 
one  of  the  underground  streams  of  the  Blue  Grass  region.  The  ma- 
terials were  put  into  the  stream  through  an  open  sink  about  one- 
eighth  of  a  mile  from  its  point  of  emergence  in  a  spring.  The  oil 
appeared  at  the  spring  in  one  hour,  the  chloride  of  sodium  in  seven 
hours,  and  the  wood  fragments  had  not  appeared  after  a  lapse  of 
several  days.  Salt  is  satisfactory  for  use  in  streams  having  a  daily 
flow  of  a  few  million  gallons  or  less;  but  its  introduction  is  imprac- 
ticable in  very  large  streams  such  as  those  foimd  in  some  caverns. 

Water  from  small  channels  in  limestone  may  generally  be  con- 
sidered safe  provided  care  is  taken  to  guard  against  local  pollution; 
but  the  soured  of  the  water  in  the  streams  in  large  caverns  should  be 
sought.  Whether  an  imderground  stream  for  a  city  supply  is  safe 
or  not  dep>ends  entirely  on  the  local  conditions.  The  first  questions 
to  be  decided  are  the  source  and  the  direction  of  flow  of  the  water.  If 
the  undergroimd  stream  clearly  does  not  receive  polluted  water,  it 
may  be  regarded  as  a  safe  source  of  supply;  but  if  the  stream  passes 
l^neath  or  near  the  city,  the  intake  should  be  located  on  the  up- 
stream side  of  the  town.  The  importance  of  taking  the  supply  from 
above  the  town  is  recognized  when  dealing  with  surface  streams, 
but  it  is  sometimes  disregarded  when  the  stream  is  beneath  the  sur- 
face. Xot  infrequently  beUef  in  the  natural  purification  of  under- 
ground water  leads  to  carelessness  in  locating  the  intake.  Occa- 
sionally the  fact  that  there  are  several  feet  of  soUd  hmestone  or  beds 
of  "soapstone"  above  the  imderground  stream  gives  the  impression 
that  local  drainage  is  excluded.  Such  idea  is  wholly  erroneous, 
because  the  so-called  solid  hmestone  or  the  soapstone  contains  many 
cracks  and  crevices,  which  allow  the  surface  water  to  enter  the 
underground  channel. 

If  water  from  limestone  caverns  is  used,  a  sanitary  survey  is  desir- 
able to  determine  the  course  of  the  stream  and  the  sources  from 
which  it  obtains  its  supply.  In  a  question  of  potability  it  is  much 
better  and  far  safer  to  make  a  practical  inspection  of  the  drainage 
area,  as  outlined  in  the  preceding  pages,  than  to  place  reliance  upon 
a  chemical  analysis  of  the  water. 

The  practice  of  putting  rubbish,  barnyard  filth,  etc.,  into  sink 
holes  should  be  abandoned.  Still  more  reprehensible  is  the  custom 
of  running  sewage  into  sink  holes,  thus  converting  the  undergroimd 
channels  into  natural  sewers.  This  practice,  by  no  means  imcom- 
moD,  is  often  defended  by  the  claim  that  the  water  in  limestone 
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channels  beneath  the  city  is  luifit  for  drinking.  The  correctness  cc 
this  claim  can  not  be  disputed,  but  there  are  persons  ignorant  of  tb 
danger  who  continue  to  use  the  underground  water.  MoreoTw, 
those  living  at  some  distance  from  the  city  may  take  water  from  ti» 
polluted  stream. 

NOTES   ON   CITY  SUPPLIES. 

The  Covington  water  system,  which  is  the  largest  in  the  Bkw 
Grass  region,  takes  its  supply  from  Ohio  River.  The  water  h 
pumped  to  a  settUng  reservoir  on  the  upland.  From  the  settling 
reservoir  it  passes  to  a  storage  reservoir  and  thence  to  the  distrib- 
uting reservoir.  Considerable  sediment  collects  in  the  settling  basiiL 
Ohio  River  water  contains  some  inorganic  matter  in  solution ;  but  ilw 
amount  is  not  sufficiently  large  to  render  the  water  unfit  for  indie- 
trial  uses. 

The  Cynthiana  water  supply  is  taken  from  Licking  River.  The 
water  is  pumped  to  a  reservoir  and  distributed  imder  gravity  pres- 
sure to  the  city.  The  sediment  in  the  water  could  be  readily  removF^J 
by  the  use  of  a  mechanical  filter.  The  small  amoimt  of  inoi^caiii: 
matter  held  in  solution  does  not  render  the  water  objectionable  f* : 
use  in  boilers. 

The  Danville  water  supply  is  drawn  from  Dix  River,  and  is  reportel 
to  be  satisfactory.  There  is  no  great  danger  of  pollution,  and  as  tba 
water  is  filtered,  its  sanitary  condition  is  guarded. 

The  Falmouth  water  supply  is  taken  from  Licking  River,  Tfe 
water  is  so  turbid  that  it  is  not  suitable  for  domestic  uses;  but  it  ia 
drunk  by  stock  and  utilized  in  some  industries. 

Frankfort  is  the  only  city  which  takes  its  supply  from  Kentucki 
River.  There  are  no  large  cities  on  the  Kentucky  above  Frankfon, 
but  considerable  waste  from  distilleries  is  allowed  to  enter  the  river, 
The  water  of  the  Kentucky,  Uke  that  of  other  streams  in  the  region^ 
is  very  muddy  during  a  large  part  of  the  year,  and  could  be  improved 
by  filtration. 

The  Maysville  water  supply  is  pumped  from  Ohio  River.  Th^ 
reservoir  is  situated  on  the  upland  above  the  town,  at  an  altitud-^ 
sufficient  to  give  a  very  strong  pressure  in  the  city.  The  quality 
of  the  water  is  much  the  same  as  that  of  the  river  above  CovingtoL 
and  Newport. 

The  Newport  Water  Company  uses  Ohio  River  water.  Tht 
water  is  very  turbid  and  its  sanitary  quality  during  a  large  part  cf 
the  year  is  doubtful.  The  water  is  pumped  to  a  reservoir  on  the 
upland  and  distributed  to  the  city  by  gravity. 

Lancaster  has  constructed  an  impounding  reservoir  on  a  small 
stream.  The  watershed  of  this  stream  is  not  cultivated  and  i- 
uninhabited.  The  water  is  pumped  directly  from  this  reservoir  into 
the  mains.  , 
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Lexington  has  a  water  supply  which  gives  universal  satisfaction. 
The  water  is  impounded  in  three  reservoirs,  placed  one  above  an- 
other on  the  same  stream.  The  upper  reservoirs  serve  as  settling 
basins  when  the  stream  is  high  and  the  water  turbid.  Before  being 
pumped  into  the  mains  the  water  is  aerated  and  filtered.  The  water 
is  used  in  nearly  all  of  the  manufacturing  plants  of  the  city. 

The  water  supply  of  Paris  is  taken  from  a  creek.  A  mechanical 
filter  is  used  to  remove  sediment  from  the  water.  The  supply  is 
ample  for  the  prospective  needs  of  the  city  and  should  prove  very 
satisfactory. 

The  Richmond  Water  Company  takes  its  supply  from  a  small  stream 
which  receives  very  little  drainage  of  an  objectionable  character. 

The  water  supply  of  Shelbyvdle  is  taken  from  Clear  Creek.  Un- 
fortimately,  the  water  is  not  always  as  clear  as  might  be  expected 
from  the  name  of  the  source. 

The  supply  for  the  city  of  Winchester  is  taken  from  two  reser- 
voirs constructed  on  a  small  stream.     It  is  ample  for  all  purposes. 

The  Lawrenceburg  supply  is  taken  from  wells  sunk  in  the  Lexing- 
ton limestone.  The  water  is  reported  to  be  slightly  hard,  but  it  is 
satisfactory  for  use  in  boilers. 

The  Nicholasville  supply  was  formerly  taken  from  a  reservoir  on 
a  small  stream.  It  is  now  pumped  from  wells  which  are  sunk  at 
the  edge  of  the  reservoir,  and  these  wells  probably  draw  considerable 
water  from  the  reservoir.  This  water  is  said  to  be  slightly  hard 
and  to  form  a  small  amount  of  scale  in  boilers. 

Georgetown  is  supplied  with  water  from  a  large  spring  located 
on  the  west  edge  of  the  city.  The  water  is  moderately  hard  and 
forms  some  scale  in  boilers.  The  volume  of  the  spring  is  always 
large,  but  it  fluctuates  greatly,  rising  rapidly  after  a  rain  and  sub- 
siding again  in  a  short  time.  The  water  contains  considerable 
sediment  after  a  rain,  and  the  character  of  the  sediment  suggests 
that  surface  drainage  enters  through  open  sinks. 

The  water  supply  of  Berea  College  is  derived  from  ten  springs 
issuing  from  the  sandstones  of  the  mountains.  Each  spring  is 
surrounded  by  a  cement  reservoir.  The  water  is  conveyed  from 
these  reservoirs  to  a  6-inch  main,  which  conducts  it  to  the  college 
grotmds.  The  combined  flow  of  the  ten  springs  is  about  100  gallons 
per  minute,  and  their  altitude  above  the  town  gives  a  gravity 
pressure  of  95  pounds  per  square  inch.  The  water  has  been  analyzed 
at  the  college  and  is  reported  to  contain  less  mineral  matter  than 
water  taken  from  cisterns.  Springs  like  those  that  supply  Berea 
College  are  numerous,  and  similar  supplies  could  be  installed  m 
many  of  the  towns  near  the  mountains. 

Table  7  gives  the  available  information  concerning  the  municipal 
water  suppUes  of  this  region. 
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MINERAL  WATERS  OF  THE  BLUE  GRASS   REGION. 

CHARACTER  OF  THE  WATERS. 

The  underground  waters  of  the  Blue  Grass  region  vary  widely  in 
composition,  the  amount  of  inorganic  matter  in  water  ranging  from  a 
few  himdred  to  several  thousand  parts  per  million.  Although  the 
kind  of  mineral  matter  is  determined  by  the  character  of  the  soil  and 
rock  through  which  the  water  has  passed,  certain  mineral  ions,  such 
as  calcium,  magnesium,  sodiimi,  potassiimi,  chlorine,  and  the  car- 
bonate and  sulphate  radicles,  are  common  to  most  of  the  waters  of 
the  region.  This  is  to  be  accounted  for  by  the  fact  that  the  substances 
mentioned  are  to  be  found  in  the  soils  and  rocks  of  all  parts  of  the 
region  and  that  they  are  all  more  or  less  soluble  in  the  ground  i;raters. 
Many  of  the  waters,  especially  those  from  the  Ordovician  rocks,  con- 
tain small  quantities  of  some  of  the  rarer  elements,  such  as  boron, 
strontium,  hthium,  and  iodine. 

The  most  common  typer  of  mineral  water  in  the  Blue  Grass  region 
is  the  alkaline  water  which  contains  carbonates  of  Ume,  magnesia. 
sodium,  and  potassium,  together  with  other  carbonates  and  sulphates. 
These  waters  are  found  in  nearly  all  parts  of  the  area  and  are  com- 
monly designated  hard  waters. 

Hydrogen  sulphide  occurs  in  most  of  the  deep  waters  of  the  Ordo- 
vician area  and  in  some  of  the  waters  from  the  Ohio  shale.  In  the 
waters  of  the  Ordovician  rocks  the  hydrogen  sulphide  is  often  accom- 
panied by  petroleum  or  asphaltic  material,  suggesting  that  it  is 
derived  from  the  decomposition  of  organic  matter.  The  sulphuretted 
waters  from  the  Ohio  shale  probably  derive  their  hydrogen  sulphide 
from  the  decomposition  of  the  sulphide  of  iron,  which  is  abundant  in 
the  shale. 

Salt  is  a  very  common  constituent  in  the  deep-seated  waters  of  the 
Blue  Grass  region  and  it  also  occurs  in  some  of  the  waters  from  the 
Ohio  shale.  Its  frequent  association  with  hydrogen  sulphide  has  led 
to  the  use  of  the  term  '^salt-sulphur''  for  such  waters  as  those  from 
the  St.  Peter  sandstone  and  some  of  the  waters  from  the  Highbridge 
and  Lexington  limestones.  Besides  the  salt-sulphur  waters,  salt 
waters  which  are  free  from  hydrogen  sulphide  also  occur. 

Some  of  the  waters  of  the  Silurian  and  Devonian  formations  con- 
tain magnesium  sulphates  and  are  known  as  epsom  waters.  Sodium 
carbonate  (glauber  salts)  is  also  common  in  some  of  the  waters  from 
the  Devonian  and  Silurian  shales.  Various  other  mineral  substances 
are  known  to  occur  in  the  waters  from  the  Ohio  shale,  the  most 
prominent  being  the  iron  which  occurs  in  the  Chalybeate  Springs. 
The  iron  appears  in  the  springs  in  the  form  of  the  hydrous  oxide, 
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which  is  probably  formed  by  oxidation  of  the  iron  compounds 
present  in  the  spring  water. 

The  wells  which  penetrate  the  St.  Peter  sandstone  obtain  strong 
s&lt-sulphur  water,  known  locally  as  **Bine  Lick"  water.  The  water 
is  often  used  for  medicinal  purposes.  The  wells  which  are  best 
known  are  located  at  Newport,  Boston  Station,  and  Frankfort.  At 
Sanders  a  well  which  probably  penetrated  this  formation  procured  a 
salt-sulphur  water  which  is  said  to  contain  a  notable  quantity  of 
lithia.  This  water  is  sold  under  the  name  of  the  Eagle  Valley 
Lithia  Water. 

Water  is  being  sold  from  a  number  of  weUs  in  the  Lexington  lime- 
stone, and,  judging  from  the  mode  of  occurrence  and  the  analyses, 
there  are  many  others  which  might  supply  marketable  water.  The 
best  known  mineral  waters  from  wells  in  this  formation  are  the  Lex- 
ington Lithia  water  and  the  Renfro  water.  The  former  contains 
considerable  Uthia  and  the  latter  contains  both  Uthia  and  sulphur. 

One  of  the  best  known  of  the  medicinal  waters  is  the  '*Blue  Lick" 
water  which  comes  from  the  Lower  Blue  Lick  Springs.  This  water 
has  a  large  sale  and  has  been  known  throughout  the  South  for  more 
than  half  a  century.  It  also  has  a  large  sale  in  the  northern  half  of 
the  country.  The  composition  of  the  water,  as  shown  by  the  analyses, 
has  not  changed  materially  in  the  last  fifty  years. 

Salt-sulphur  water  is  obtained  from  the  Upper  Blue  Lick  Spring, 
the  Big  Bone  Springs,  the  Sanders  Sulphur  Spring,  Drennon  Springs, 
and  from  many  other  springs  in  various  parts  of  the  region. 

So  remarkable  is  the  general  resemblance  between  the  Blue  Lick 
water  and  the  water  of  the  St.  Peter  sandstone  that  it  has  often  been 
suggested  that  the  Blue  Lick  water  comes  from  the  St.  Peter.  Aside 
from  the  fact  that  both  are  salt-sulphur  waters,  there  is  little  reason 
to  believe  that  they  have  the  same  origin.  Their  mode  of  occur- 
rence suggests  that  the  Blue  Lick  Springs  may  derive  their  water 
from  either  the  Winchester  or  the  Lexington  Hmestone.  In  support 
of  this  idea  it  may  be  said  that  the  Blue  Lick  water  resembles  some- 
what the  deep  waters  of  these  Umestones,  though  the  resemblance  is 
due  rather  to  such  constituents  as  salt,  sulphur,  and  other  elements 
common  to  many  of  the  Blue  Grass  waters  rather  than  to  the  less 
common  compoimds,  such  as  are  mentioned  in  the  chemical  discus- 
sion (p.  207)  under  the  head  of  Lower  Blue  Lick  Springs.  No  evi- 
dence was  noted  that  would  suggest  that  a  fault  existed  at  the  Blue 
Lick  Springs,  and  in  the  absence  of  faulting  it  does  not  appear 
probable  that  the  waters  of  the  St.  Peter  sandstone  would  rise 
through  the  Lexington  and  Ilighbridge  limestones  which  overUe  the 
St.  Peter. 
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Big  Bone  Springs  supplies  a  strong  salt-sulphur  water  which,  af 
already  stated,  resembles  the  Blue  Lick  water.  There  were  origin&U} 
three  springs  at  this  locality.  A  well  which  was  drilled  at  one  • : 
these  springs  is  reported  to  have  encountered  salt-sulphur  water  »: 
depths  of  150  and  500  feet.  This  well  now  flows  through  a  woodet 
pipe  which  rises  4  feet  above  the  ground,  and  since  it  has  been  drilifii 
one  of  the  original  springs  has  nearly  ceased  to  flow.  The  water 
which  is  now  being  sold  comes  from  this  weU.  From  the  well  Iol-s 
(see  report  of  Boone  County,  p.  163)  it  appears  probable  that  the  Bi^ 
Bone  Springs  water  originally  came  from  the  Lexington  or  Hi^i- 
bridge  limestones,  and  these  formations  now  supply  the  water  which 
is  obtained  from  the  flowing  well. 

The  Umestone  of  the  Maysville  formation  furnishes  very  littk 
water  of  commercial  value.  At  BuflSlngton  there  are  three  sprin*? 
belonging  to  J.  S.  Haynes,  which  supply  water  for  a  small  healtL 
resort,  known  as  Keo-Me-Zu  Springs.  These  springs  are  situaieo 
within  a  radius  of  20  feet,  but  they  present  certain  diflTerences  ia 
composition.  The  only  other  locality  where  the  Maysville  formation 
is  known  to  furnish  water  of  commercial  value  is  at  Beechwcn^l. 
Owen  County.  The  Beechwood  Spring — really  a  shallow  well — fur- 
nishes water  containing  a  large  amoimt  of  magnesium,  apparently  ia 
the  form  of  magnesium  sulphate. 

The  Silurian  shales  furnish  mineral  waters  at  Crab  Orchard,  iu>t 
outside  the  area  mapped,  but  they  are  not  important  within  ihf 
Blue  Grass  region.  They  are  the  source  of  some  mineral  water  in 
eastern  Clark  County,  and  possibly  in  some  of  the  neighboring  coun- 
ties. The  upper  limestone  beds  of  this  series  furnish  an  abundance 
of  water  in  localities  where  they  are  not  deeply  buried  beneath  the 
Waverly  shale.  Some  of  the  springs  from  the  hmestone  of  the  Panol* 
formation  are  being  extensively  used,  the  most  prominent  being  the 
Anita  and  Royal-Magnesian  springs.  The  waters  of  these  springs  are 
not  sold  as  mineral  waters,  but  they  find  a  ready  market  as  pun* 
drinking  waters.  Other  springs  from  this  formation  are  known  near 
the  western  margin  of  the  area  and  at  various  points  on  the  eastern 
side  of  regions  in  the  vicinity  of  Waco  and  elsewhere. 

The  Ohio  shale  fiu*nishes  valuable  mineral  waters  at  various  points 
in  central  Kentucky.  Within  the  area  mapped  the  most  important 
localities  are  Linietta  Springs,  at  Junction  City,  and  Alum  Spring, 
4i  miles  west  of  Junction  City,  Boyle  County ;  Fox  Springs,  Fleming 
County;  Dripping  Springs,  Garrard  County ;  Kiddville  and  Oil  Springs, 
Clark  County.  Outside  the  area  mapped  are  some  very  important 
springs  which  have  been  included  in  this  report — Estill  Springs, 
Olympia  Springs,  and  Crab  Orchard  Springs.  These  resorts  were 
not  visited  by  the  writer.  Both  the  occurrence  and  the  character 
of  the  waters  are  fully  described  in  several  of  the  reports  of   the 
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Kentucky  Greological  Survey.  The  Olympia  Springs  were  discussed 
by  Linney  in  his  report  on  the  geology  of  Bath  County,  from  which 
the  following  statement  is  taken:** 

Theee  springe  are  situated  near  the  head  of  Mud  Lick  Creek,  2^  miles  from  the  Chesa- 
peake and  Ohio  Raihroad,  at  Olympia  station,  and  consist  of  a  salt  well,  a  salt-sulphur 
-wrell,  black-sulphur  well,  two  chalybeate  springs,  and  a  well  and  a  spring  whose  waters 
SLTe  alkaline  saline.  Some  of  these  have  been  known  and  used  nearly  since  the  first 
settlers  came  to  this  part  of  the  State.  The  geological  position  of  these  waters  is  the 
same  which  gives  rise  to  the  majority  of  mineral  waters  in  the  State.  They  arise  from 
near  the  imion  of  the  rocks  of  the  Comiferous  limestone  with  the  black  slate.  This  is 
SL  horizon  in  which  magnesian  limestones,  clay  shales,  salt,  sulphide,  carbonate  and 
other  forms  of  iron,  and  minute  quantities  of  other  minerals  are  found  in  close  prox- 
imity. Water  penetrating  the  rocks  dissolves  the  mineral  matters  in  various  propor- 
tions, new  combinations  are  formed,  and  thus  originate  these  various  mineral  springs. 

In  his  report  on  the  geology  of  Lincoln  Coimty,  Linney  gives  the 
following  facts  relating  to  the  source  of  the  Crab  Orchard  Springs  and 
the  Crab  Orchard  salts:* 

In  Lincoln  County  there  are  a  large  number  of  mineral  springs.  Some  of  these, 
situated  in  and  near  Crab  Orchard,  have  old  and  extended  reputations.  These  springs 
furnish  several  classes  of  water. 

The  black  slate  everywhere  contains  more  or  less  of  the  sulphides  of  iron.  These 
compoimds,  by  their  decomposition,  furnish  a  variety  of  sulphur,  and  sulphur 
and  chalybeate  waters — among  which  salt-sulphur  and  black-sulphur  are  the  most 
common. 

The  lower  Subcarboniferous  shales  furnish  some  weak  springs  of  chalybeate,  but  the 
best  water  of  that  kind  issues  from  a  layer  in  the  Upper  Silurian,  which  contain  oxides 
of  iron. 

In  the  Crab  Orchard  shales  are  a  number  of  springs  and  seeps  which  furnish  mag- 
nesian waters.  Weak  alum  waters  are  known  at  a  few  places,  while  salt  water  has 
been  obtained  in  the  county  in  boring  wells  for  other  purposes. 

Crab  Orchard  salts  is  a  name  given  to  a  peculiar  variety  of  epsomite — Epsom  salt  or 
magnesian  sulphate — which  is  manufactured  from  the  Crab  Orchard  shales  of  the 
Upper  Silurian  in  Lincoln  and  Garrard  counties.  They  differ  from  the  common  type 
of  other  magnesian  salts,  so  well  known  to  commerce  as  a  medicine,  in  containing  a 
niunber  of  other  ingredients  which  enhance  their  value. 

This  strip  of  country,  in  which  these  shales  predominate,  and  the  manufacture  of 
theee  salts  is  conducted,  is  an  irregular  one,  about  13  miles  in  length,  and  from  a  few 
hundred  yards  to  2  miles  in  breadth.  They  lie  on  a  slope  in  the  rocks  to  the  south- 
east, and  are  from  16  to  40  feet  in  depth.  Through  all  this  line  and  thicknoas  they  are 
impregnated  with  the  minerab  which  characterize  the  salts. 

The  origin  of  this  deposit  is  an  interesting  question,  worthy  of  investigation.  That 
the  shales  and  the  minerals  contained  in  them  were  thrown  down  from  solution  during 
the  evaporation  of  the  ocean  water  in  shallow  basins,  raiw^d  above  the  sea  level,  is 
hardly  to  be  accepted,  as  the  differences  in  the  shale  and  the  interstratifioation  of 
limestone  would  require  other  conditions  for  their  formation.  It  seems  more  probable 
that  the  materials  for  the  shales  were  swept  in  and  deix>site(l  in  protected  places  by 
currents,  and  that  afterward  these  minerals,  which  had  been  contained  in  the  mag- 
nesian layers  of  the  Upper  Silurian  and  Devonian  series,  were  carried  down  this  slope, 
and  found  in  those  shales  the  conditions  for  their  deiK)sition  and  preservation. 

•  Linney,  W.M.,  Reports  on  the  geology  of  Bath  and  Fleming  counllos:  (ieol.  Survey  Kentueky,  1886, 
pp.  36,37. 
ft  Linney,  W.  M.,  Report  on  the  geology  of  Lincoln  County,  Geol.  Survey  Kentucky,  1882,  pp.  29-32. 
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A  bulletin  of  the  Kentucky  Geological  Survey,  by  A.  F.  Foerste, 
received  after  the  preparation  of  the  bo<ly  of  this  report,  discusses  the 
mineral  waters  of  the  Ohio  shale  as  follows:*" 

It  has  been  stated  that  the  table  of  contents  of  the  waters  from  a  mineral  spring  is 
but  an  index  of  the  various  geological  strata  through  which  its  waters  have  passed  and 
of  the  mineral  bodies  with  which  they  have  come  in  contact.  In  this  sense,  the 
Devonian  black  shales  should  be  of  special  interest  to  the  people  of  Kentucky,  since 
a  considerable  part  of  the  springs  which  are  \'isited,  more  or  less  for  their  medicinal 
virtues,  issue  from  the  black  shales.  Among  these  may  be  mentioned  the  Fox  Springs, 
8  miles  east  of  Flemingsburg,  in  Fleming  County;  the  Olympian  Springs,  in  the  south- 
eastern part  of  Bath  County;  the  Oil  Springs,  about  a  mile  northeast  of  Indian  Fields, 
in  the  northeastern  part  of  Clark  County ;  the  Estill  Springs,  about  a  mile  north  of  Irvine, 
in  Estill  County;  Hale's  well,  about  4  miles  southeast  of  Stanford,  in  Lincoln  County; 
the  Linietta  Springs,  northwest  of  Junction  City,  in  Boyle  County;  Alum  Springs, 
2  miles  farther  west,  in  Boyle  County;  the  Sulphur  Springs,  3  miles  southeast  of  Leb- 
anon, in  Marion  County;  and  numerous  other  springs,  less  known  but  with  waters  con- 
taining the  same  ingredients. 

PRODUCTION  OF    MINERAL  WATERS. 

The  total  sales  of  mineral  water  from  the  Blue  Grass  region 
approximate  $200,000  aimually.  Of  this  amotmt,  about  one-fourth 
is  derived  from  the  sale  of  table  waters  and  the  remainder  from  the 
sale  of  medicinal  waters.  Apart  from  the  sales,  considerable  water 
is  consumed  at  the  springs  where  there  are  hotels. 

COUNTY  CONDITIONS. 

ANDERSON  COUNTY. 

SURFACE   FEATURES. 

Anderson  County  is  located  near  the  western  border  of  the  Blue 
Grass  region.  Its  western  boundary-  is  formed  by  Kentucky  River, 
which  here  flows  in  a  trench  more  than  400  feet  below  the  upland 
and  so  narrow  that  the  river  occupies  nearly  the  entire  width  of  the 
gorge. 

The  surface  of  the  upland  near  the  Kentucky  is  broken  by  deep 
canyons  where  the  tributary  streams  have  cut  into  the  limestone 
formations.  A  short  distance  back  from  the  river  the  surface  becomes 
gently  rolling,  exhibiting  shallow  valleys  separated  by  rounded 
divides.  Toward  the  western  boundary  the  valleys  are  deeper  and 
narrower  and  the  areas  of  level  upland  are  much  smaller. 

A  narrow  strip  along  the  eastern  edge  of  the  county  is  drained  by 
small  streams  tributary  to  the  Kentucky  within  the  county,  and  a 
small  area  in  the  northern  part  by  streams  that  join  the  Kentucky 
in  Franklin  County.     The  central  part  of  Anderson  County  is  drained 

a  FtM>rst<%  A.  v.,  Tho  Silurian,  Devonian,  nnd  Irving  foniiations  of  east-oeotral  Kentucky:  Bull. 
"  -"-    '-y  (J(K)1.  Survey  No.  7,  1906,  p.  255. 
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by  Sdt  River,  which  enters  from  the  south,  flows  northward  to  a 
yint  a  fe'w  miles  southwest  of  Lawrenceburg,  then  takes  a  south- 
wftsterly  course  to  Van  Buren,  where  it  leaves  the  county.  This 
stream  receives  no  large  tributaries  within  the  county  except  Crooked 
Creek,  which  flows  along  the  western  border  of  the  county  and  joins 
the  Salt  near  Van  Buren.  A  small  area  in  the  southwestern  part  of 
the  county  is  drained  by  two  tributaries  of  Chaplin  River — Beaver 
and  Sulphur  creeks. 

GEOLOGY    AND   UNDEBQROUND    WATERS. 
UNC0N80LU>ATBD   MATERIALS. 

The  residual  materials  of  Anderson  County  consist  of  yellow  or  red 
cUys  from  2  to  8  feet  thick,  the  average  thickness  being  probably  less 
than  3  feet.  These  soils  yield  water  in  few  localities  to  wells,  but  they 
store  considerable  quantities  and  supply  it  gradually  to  the  crevices 
in  the  underlying  rock.  A  deposit  of  sand  containing  pebbles  of 
chert — the  alluvium  which  has  been  transported  from  the  hills  to  the. 
«outhward  and  deposited  wherever  the  gorge  was  wide  enough  to 
permit  its  accumulation— is  found  in  narrow,  discontinuous  strips 
along  Kentucky  River.  Such  alluvial  deposits  supply  water  in* 
abundance  to  springs  and  driven  wells. 

CONSOLIDATED   MATERIALS. 

The  geologic  formations  appearing  at  the  surface  in  Anderson 
County  include  the  Highbridge  Umestone,  which  is  exposed  in  the 
Kentucky  River  gorge;  the  Lexington  limestone,  which  forms  a  part 
of  the  upi>er  walls  of  the  gorge  and  extends  out  a  short  distance  on 
the  upland,  and  which  is  also  exposed  in  the  valley  of  Salt  River 
from  the  southern  line  of  the  county  to  the  point  where  the  river 
makes  the  bend  toward  the  southwest;  the  Winchester  limestone, 
which  lies  in  narrow  strips  outside  the  areas  of  Lexington  limestone 
and  occupies  a  large  area  in  the  central  part  of  the  county ;  and  the 
Eden  shale.  It  is  possible  that  rocks  belonging  to  the  Maysville 
formation  may  occur  on  some  of  the  higher  hilltops  near  the  western 
boundary  of  the  county,  but  no  evidence  of  their  presence  has  been 
obtained. 

In  areas  where  they  appear  at  the  surface  the  Highbridge,  Lexing- 
ton, and  Winchester  limestones  furnish  considerable  hard  water  to 
springs  and  shallow  weUs.  At  depths  varying  from  50  to  100  feet, 
however,  the  Lexington  and  Highbridge  yield  salt  and  salt-sulphur 
water;  and  highly  mineralized  water,  usually  containing  salt  and  sul- 
phur, is  also  obtained  from  wells  in  the  Winchester  limestone  which 
have  been  sunk  below  the  level  of  the  surface  streams.  The  Eden 
shale  usually  occurs  on  the  slopes  or  tops  of  hills  and  in  such  situations 
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that  it  furnishes  only  small  quantities  of  water  to  springs  and  shiIW 
wells ;  below  depths  of  30  to  35  feet  it  contains  practically  no  vau^ 
The  St.  Peter  sandstone  underlies  the  county  and  wil  furnish  floi- 
mg  wells  in  the  gorge  of  Kentucky  River  and  probably  in  the  lof^*^ 
parts  of  some  of  its  tributaries.  The  water  from  this  horizon  > 
however,  highly  mineralized,  and  is  in  addition  saturated  with  hydr- 
gen  sulphide  gas. 

WATER   FOR   DOMESTIC   AND   INDUSTRIAL   PURPOSES. 

The  water  for  city  supplies  and  manufacturing  in  Anderson  Countj 
is  obtained  from  drilled  or  dug  wells,  cisterns,  and  springs. 

DriUed  wells  are  numerous  in  the  eastern  part  of  the  county,  esp- 
cially  near  Tyrone,  McBrayer,  and  Lawrenceburg,  the  city  b^i 
named  obtaining  its  supply  from  wells  sunk  in  the  I^exington  lim»- 
stone.  The  driUed  wells  vary  in  depth  from  40  to  80  feet,  althoud 
a  few  of  them  obtain  water  at  25  feet  or  less.  Sulphur  wat^r  > 
encountered  at  various  depths,  ranging  from  25  to  30  feet  in  thf 
valleys  of  some  of  the  tributaries  of  Salt  River  to  over  100  feet  near 
Kentucky  River. 

Dug  wells  are  found  in  all  parts  of  the  county,  but  they  are  mort 
numerous  in  the  western  part.  Few  of  them  exceed  30  feet  in  depib 
and  they  are  apt  to  fail  in  times  of  drought.  The  water  is  of  goo. 
quality  except  where  the  wells  are  located  too  near  buildings. 

Cisterns  also  are  extensively  used  in  all  parts  of  the  county,  and 
in  the  western  part  they  form  the  best  sources  of  supply  for  domesiif 
purposes,  but  many  are  in  use  in  the  eastern  part,  where  good  weD 
water  is  available. 

Springs  are  numerous  throughout  the  county,  but  they  vary  greatly 
in  size,  being  large  in  the  eastern  half  of  the  county  and  small  in  the 
western  half.  As  the  spring  water  is  usually  hard,  it  is  used  but 
little  for  domestic  purposes.  A  number  of  springs  are,  however,  u#i 
for  manufacturing,  and  a  part  of  the  supply  for  the  village  of  Tyrone 
«omes  from  a  spring  in  the  Kentucky  gorge. 

Most  of  the  underground  water  used  for  manufacturing  conies 
from  the  Winchester  and  Lexington  limestones. 

BOONE  COUNTY. 
SURFACE  FEATURES. 

Boone  County,  one  of  the  most  northerly  counties  of  the  Blue  Gras^ 
region,  is  bordered  on  the  north  and  west  by  Ohio  River,  wbos* 
channel  here  occupies  a  steep-sided  gorge. 

The  surface  of  the  county  is  a  plateau,  deeply  trenched  by  narrow 
gorges  near  the  river,  but  nearly  level  in  the  interstream  areas,  whiot 
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tre  occupied  in  large  part  by  flat-topped  divides.  Altitudes  within 
the  county  have  an  extreme  range  of  over  500  feet — from  about  420 
Jeet  above  sea  level  along  the  Ohio  to  more  than  940  feet  on  the 
jlighest  parts  of  the  upland.  The  descent  from  the  level  of  the 
upland  to  the  river  is  usually  precipitous,  and  the  small  streams, 
which  as  a  rule  make  the  descent  within  a  distance  of  3  or  4  miles, 
have  very  steep  gradients.  The  larger  tributaries  have  cut  deep 
ciiannels  for  a  distance  of  several  miles  back  from  the  river. 

The  Ohio  receiver  in  this  county  water  from  many  small  tributaries 
Mid  from  three  creeks  of  considerable  size — Woolper,  Gunpowder, 
tnd  Big  Mud  Lick.  These  creeks  not  only  drain  the  greater  part  of 
Boone  County,  but  small  areas  outside  of  it.  The  drainage  basin  of 
Woolper  Creek  is  largely  north  and  west  of  Burlington;  Gunpowder 
Creek  receives  the  drainage  of  the  south-central  part  of  the  county; 
an<l  the  southern  end  of  the  county  drains  into  Big  Mud  Lick  Creek, 
either  directly  or  through  Big  Bone  Creek. 

GEOLOGY  AND  UNDERGROUND  WATERS. 

UNCONSOLIDATED    MATERIALS. 

Above  the  rock  in  the  southern  part  of  the  county  is  a  deposit  of 
residual  clay,  averaging  5  or  6  feet  in  thickness,  which  has  been  pro- 
duced by  the  weathering  limestones  and  shales  of  the  Maysville.  It 
varies  in  color  from  yeUow  to  brownish  red,  and  is  usually  dense 
where  it  was  derived  from  the  shales  and  more  porous  where  the 
original  rock  was  limestone.  The  porosity  of  these  limestone  soils 
seldom  equals  that  of  the  loam  derived  from  the  Lexington  limestone 
in  Fa^^ette  County.  The  residual  materials  do  not  furnish  water 
directly  to  wells  and  springs  in  this  county,  but  they  store  the  mois- 
ture and  give  it  to  the  crevices  and  channels  in  the  rock  from  which 
the  wells  and  springs  draw  their  supplies. 

The  northwestern  part  of  the  county  is  capped  by  a  loesslike 
salt  (see  silt-loam  soil,  p.  33)  to  an  average  depth  of  2  or  3  feet,  with 
&  maximum  of  about  6  feet.  Beneath  the  silt  is  glacial  drift,  a  few 
feet  thick,  composed  largely  of  residual  clay  containing  fragments  of 
limestone  and  pebbles  of  chert,  with  occasional  bowlders  of  granite. 
In  the  vicinity  of  BuUittsWlle  and  Hebron  the  glacial  drift  consists 
of  water-deposited  sand  and  gravel,  but  this  phase  is  apparently 
restricted  to  the  ancient  channel  of  a  small  stream  which  existed 
before  the  deposition  of  the  drift. 

In  the  valley  of  Middle  Creek  there  is  a  deposit  of  sand  and  gravel 
^which  locaUy  exceeds  40  feet  in  thickness  and  which  is  not  known  to 
etxtend  beyond  the  boundaries  of  the  drainage  basin.  Above  the 
gravel  of  this  deposit,  which  has  in  some  places  been  cemented  into 
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a  hard  conglomerate,  is  a  layer  of  sand  several  feet  thick,  capped 
by  5  or  6  feet  of  loesslike  silt.  The  drift  rests  upon  the  original 
surface,  which  it  has  modified  very  Uttle. 

In  the  Ohio  Valley  near  Bellevue  the  glacial  drift  forms  well-defined 
knolls  which  rise  to  nearly  250  feet  above  the  gravel  terraces  which 
border  the  river.  In  some  places  the  residual  soil  has  been  very 
httle  disturbed.  The  drift  has  about  the  same  color  as  the  residual 
material  from  which  it  was  largely  derived. 

The  glacial  deposits  over  most  of  the.  county  serve  the  same  pur- 
pose as  the  residual  materials — that  is,  they  store  the  water  and  supply 
it  to  openings  in  the  rock  below.  The  glacial  materials  are  as  a  rule 
somewhat  less  porous  than  the  residual,  but  they  are  much  thicker 
and  therefore  hold  a  greater  volume  of  water.  Where  the  drift 
consists  of  sand  and  gravel  it  supplies  water  for  both  wells  and  springs. 
Rock  springs,  from  the  conglomerate  in  Middle  Creek  Valley,  are 
very  well  known  throughout  the  western  part  of  the  county.  In 
the  vicinity  of  BuUittsville  and  Hebron  the  glacial  gravels  supply 
remarkably  pure  soft  water  to  half  a  dozen  wells  and  a  number  of 
springs. 

The  hillside  slopes  underlain  by  Eden  shale  are  usually  covered  by 
a  mass  of  talus,  composed  of  blocks  of  Umestone  with  more  or  less 
silt  or  clay.  The  streams  are  constantly  transporting  this  material 
toward  the  river,  but  the  accimiulation  usually  goes  on  more  rapidly 
than  the  removal.  The  deposition  of  the  material  at  the  points 
where  the  tributary  streams  enter  the  main  valley  gives  rise  to  alluvial 
fans.  The  talus  deposits  supply  moderate  quantities  of  water  to 
springs  and  shaUow  wells. 

The  aUuvium  along  the  small  streams  is  usually  made  up  of  coarse 
angular  or  subangular  fragments  mixed  with  silt  or  clay,  the  large 
fragments  predominating  to  such  an  extent  that  the  material  is  very 
porous.  It  contains  large  quantities  of  water  in  wet  weather,  but  the 
supply  is  apt  to  be  exhausted  during  periods  of  drought. 

In  the  Ohio  Valley  the  alluvial  deposits  are  also  very  porous  and 
they  absorb  a  large  amount  of  water,  receiving  not  only  that  which 
falls  directly  upon  the  siuf ace  of  the  gravel  but  much  drainage  from 
the  upland.  These  deposits  furnish,  at  depths  of  80  to  110  feet,  an 
abundance  of  water  which,  although  moderately  hard,  contains  less 
inorganic  matter  than  the  water  from  the  limestones. 

CONSOLIDATED   MATERIALS. 

The  surface  rocks  of  Boone  County  include  the  Winchester  lime- 
stone, which  outcrops  in  the  Ohio  Valley  and  in  the  lower  course  of 
the  tributaries  of  the  Ohio ;  the  Eden  shale,  which  is  exposed  on  the 
stream  slopes  for  a  distance  of  several  miles  back  from  the  river  but 
which  docs  not  reach  the  surface  on  the  upland;  and  the  Maysville 
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formation,  which  is  at  the  surface  over  all  the  upland  portion  of  the 
oounty.  It  is  possible  that  the  Lexington  limestone  forms  a  part  of 
the  channels  of  the  streams  near  the  southeast  comer  of  the  county, 
but  important  exposures  of  this  rock  are  not  foimd  in  the  coimty. 

The  Winchester  limestone  in  this  region  is  from  40  to  50  feet  thick 
a.nd  is  exposed  only  in  the  lowest  parts  of  the  vaUeys.  In  some  of 
the  smaller  stream  vaUeys  it  may  yield  fresh  water,  but  in  most 
locahties  the  water  from  this  horizon  is  brackish  and  in  many  places 
it  is  sulphurous.  Its  quality  would  in  general  render  it  unfit  for 
domestic  or  industrial  uses. 

The  Eden  shale,  which  overlies  the  Winchester  limestone  with  a 
thickness  of  about  300  feet,  fiuTiishes  practically  no  water  for  either 
springs  or  wells. 

Overlying  the  Eden  shale  are  the  rocks  of  the  Maysville  formation, 
which  comprise  a  series  of  interlaminated  Umestones  and  shales  some- 
what exceeding  200  feet  in  thickness.  In  the  northern  half  of  the 
county,  especially  in  the  vicinity  of  BurUngton  and  Florence,  the 
heavy  bedded  limestones  of  this  series  contain  some  caverns,  not 
large  enough  to  permit  exploration,  but  indicated  by  numerous  small 
sink  holes.  In  this  part  of  the  coimty  underground  water  conditions 
are  greatly  favored  by  the  porosity  and  unusual  thickness  of  the  loose 
materials  above  the  Umestone.  In  the  southern  part  of  the  county, 
where  the  shales  of  the  formation  are  the  predominant  surface  rock, 
the  amount  of  underground  water  is  smaUer,  although  locally  the 
occurrence  of  limestone  beds  furnishes  more  favorable  conditions. 
The  residual  materials  in  this  part  of  the  county,  being  derived  from 
argillaceous  rocks,  are  rather  heavy  clays,  and  although  they  have 
great  storage  capacity  they  furnish  only  moderate  quantities  of 
water  to  the  underlying  rocks. 

Wells  in  the  limestone  of  the  Maysville  formation  obtain  water  at 
depths  ranging  from  10  to  35  feet,  but  the  amount  of  water  varies 
greatly  from  time  to  time.  The  underground  channels  fill  quickly 
after  a  rain,  but  the  supply  is  soon  lesGcned  by  dry  weather,  and 
during  periods  of  drought  the  shallow  wells  and  many  of  the  springs 
may  be  dry.  Where  the  upland  borders  the  Ohio  Valley  niunerous 
springs  emerge  from  the  contact  of  the  hmestone  beds  with  the 
underlying  shale  layers.  Many  of  these  springs  are  situated  300  or 
400  feet  above  the  river;  but  there  is,  of  coiu^e,  no  foundation  in  fact 
for  the  popular  belief  that  they  lie  on  the  highest  points  of  land,  for 
the  water  comes  from  higher  areas  a  short  distance  back  from  the 
river.  The  water  found  in  the  rocks  of  the  Maysville  formation 
contains  considerable  amounts  of  inorganic  matter,  but  is  not  too  hard 
for  ordinary  uses. 

The  Highbridge  and  I^exington  limestones  are  under  cover  in  this 
county,  but  where  they  were  penetrated  in  driUing  for  oil  near  Big 
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Bone  Springs  some  salt  water  and  considerable  gas  were  found. 
Here,  as  elsewhere  in  the  Blue  Grass  region,  the  water  in  these  for- 
mations occurs  in  channels  which  may  or  may  not  be  encoimtered 
in  drilling;  but  as  neither  formation  supplies  fresh  water  where  it  is 
biuded  beneath  younger  rocks,  it  is  useless  to  drill  into  them  for 
water  for  domestic  or  industrial  piUT)oses. 

The  St.  Peter  sandstone  underlies  Boone  County  at  depths  vary- 
ing from  less  than  900  feet  in  the  deeper  valleys  to  1,400  feet  on  the 
upland,  but  it  has  not  been  reached  by  any  deep  wells.  It  would 
furnish  flowing  wells  in  all  the  valleys  which  are  cut  below  about  590 
feet  above  sea  level,  including  the  Ohio  Valley  and  the  lower  courses 
of  its  principal  tributaries,  but  it  is  safe  to  say  that  the  quality  of 
the  water  would  be  the  same  as  at  Frankfort  and  Cincinnati,  where 
the  formation  furnishes  the  strong  salt-sulphur  water  commonly 
known  as  ''blue  lick"  water. 

WATER   FOR   DOMESTIC    AND   INDUSTRIAL   PURPOSES. 

In  the  Ohio  Valley  wells  penetrating  the  alluvium  have  been  uni- 
ormly  successful  except  at  Taylorsport,  where  a  fine  sand  was 
encountered  which  caused  the  abandonment  of  two  wells.  The 
Boone  County  distillery  takes  its  entire  water  supply  from  the  allu- 
vium. On  the  upland,  however,  drilled  wells  have  been  unsuccess- 
ful, either  failing  to  obtain  any  water  or  finding  brines.  A  well 
drilled  to  a  depth  of  200  or  300  feet  at  Walton  found  no  water,  but 
encountered  considerable  gas.  At  Florence  a  drilled  well  between 
150  and  200  feet  deep  obtained  a  small  supply  of  water,  said  to  be 
brackish,  and  attempts  to  increase  the  amount  by  exploding  dyna- 
mite in  the  well  were  unsuccessful. 

The  following  record  of  one  of  the  three  deep  wells  drilled  for  oil 
near  Big  Bone  Springs  was  supplied  by  Mr.  Geer,  the  driller: 

Record  of  drilled  well  near  Big  Bone  Springs. 

Feet. 

Soapstone  (very  white)  and  limestone 0-100 

Hard  limestone;    strong  flow  of  salt  water  at  105  feet;    small  flow  of  gas  at 

160  feet 100-160 

Limestone  (light  colored);   strong  flow  of  gas  at  165  feet,  and  small  flows  of 

gas  at  177  and  193  feet 160-500 

A  few  feet  of  "slate,"  followed  by  limestone  (alternating  light  and  dark) 500-800 

An  incomplete  sot  of  samples  from  another  well  at  the  same  locality 
was  identified  by  E.  O.  Ulrich  as  follows: 

Feet. 

Lower  Lexington  limestone  (Hermitage  and  Logana) 150-240 

(Uirdsville 240-288 

Tyrone 288-330 
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A  well  drilled  at  one  of  the  Big  Bone  Springs  is  reported  to  have 
obtained  salt  water  at  150  and  500  feet.  The  flow  was  so  strong 
that  drilling  was  stopped.  The  water  from  the  well  has  the  same 
properties  as  that  of  the  springs  and  is  now  being  sold  as  Big  Bone 
Spring  water. 

Shallow  dug  wells  are  numerous  on  the  upland  areaa  of  Boone 
County  and  afford  considerable  water,  though  many  of  them  fail  in 
dry  weather.  Few  wells  have  been  dug  in  the  last  quarter  of  a  cen- 
tury, and  except  in  the  northern  part  the  old  wells  are  gradually 
being  abandoned  in  favor  of  cisterns,  wliich  provide  most  of  the 
water  for  domestic  use,  some  being  in  use  even  in  the  Ohio  Valley 
where  underground  water  is  abundant. 

BOURBON  COUNTY. 

SURFACK    FEATURES. 

Bourbon  County  is  located  in  the  east-central  part  of  the  Blue 
Grass  region.  Its  surface  is  a  gently  rolling  plateau,  crossed  by 
streams  which  flow  in  broad,  shallow  valleys.  Through  the  central 
part  of  the  coimty  Stoner  Creek,  a  tributary  of  Licking  River,  has 
cut  a  channel  more  than  200  feet  deep,  but  over  a  large  part  of  the 
area  the  reUef  does  not  exceed  100  feet.  The  long,  narrow  ridge 
which  rises  abruptly  above  the  surrounding  country  in  the  south- 
eastern part  of  the  county  received  from  the  early  settlers  the  name 
"Cane  Ridge.'* 

Stoner  Creek  receives  the  drainage  from  the  entire  county  except 
small  areas  near  the  eastern  and  northern  boundaries.  The  prin- 
cipal tributaries  of  this  creek  in  Bourbon  County  are  Strodes  Creek, 
Coopers  Run,  Flat  Run,  and  Townsehd  Creek.  The  northern  and 
eastern  parts  of  the  county  are  drained  by  Ilinkston  Creek,  which 
receives  vintliin  the  county  several  small  tributaries,  the  largest  being 
Boones  Creek. 

GEOLOGY  AND  UNDERGROUND  WATERS. 

UNCONSOLIDATED   MATERIALS. 

The  lai^e  streams  of  Bourbon  County  are  bordered  by  narrow 
Strips  of  alluvium,  composed  of  assorted  sands  and  gravels,  but  the 
formation  covers  too  small  an  area  to  be  important  as  a  water  bearer. 

The  residual  soils  of  the  county  consist  of  the  porous  loams  and 
clays  common  to  the  Blue  Grass  region.  They  are  usually  about 
3  feet  thick,  but  in  exceptional  localities  the  thickness  may  be  some- 
what greater.  These  soils  store  moisture  which  is  transmitted  to  the 
underlying  rocks  and  assists  in  maintaining  their  water  supply  during 
dry  weather. 

88942— IHR  233-09 7 
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CONSOLIDATED   MATERIALS. 

The  rock  formations  of  Bourbon  County  include  the  Lexington  and 
Winchester  limestones  and  the  Eden  shale. 

The  Lexington  limestone  forms  the  surface  rock  over  a  large  part 
of  the  county  west  of  the  east  side  of  Stoner  Creek  Valley  and  yields 
an  abundance  of  hard  water  for  springs  and  wells.  Most  of  the  wells 
obtain  water  at  depths  of  100  feet  or  less,  but  those  which  penetrate 
below  the  level  of  the  surface  streams  or  enter  the  Highbridge  lime- 
stone may  find  salt-sulphur  waters.  Some  of  the  springs  in  this 
county  are  exceptionally  large  and  have  fairly  uniform  flow. 

The  Winchester  hmestone  is  exposed  in  a  narrow  strip  along  the 
west  and  northwest  boundaries  of  the  county  and  covers  a  large  area 
bordering  the  Lexington  hmestone  in  the  eastern  part  of  the  county. 
Where  tliis  formation  is  at  the  surface  it  furnishes  moderate  quan- 
tities of  hard  water.  It  might  also  furnish  water  for  deep  wells,  but 
such  water  would  be  too  highly  charged  with  salt  and  sulphur  to  be 
fit  for  ordinary  uses. 

The  Eden  shale  covers  the  high  ridges  and  hills  in  the  southeastern 
part  of  the  county  and  caps  some  of  the  hills  in  the  northwestern 
part,  and  small  exposures  are  also  found  in  the  northeastern  part  of 
the  area.     It  furnishes  httle  water  except  to  springs  and  shallow  wells. 

The  St.  Peter  sandstone,  which  underUes  the  county,  would  fur- 
nish an  abundance  of  salt-sulphur  water,  but  none  of  the  wells  would 
flow,  and  except  in  the  bottoms  of  the  valleys  the  water  would 
probably  not  come  within  200  feet  of  the  surface. 

WATER   FOR   DOMESTIC   AND    INDUSTRIAL   PURPOSES. 

The  water  supply  of  Paris,  the  county  seat,  is  taken  from  a  stream 
near  the  city,  and  sinc^  the  installation  of  a  filter  plant  this  supply 
ranks  as  one  of  the  best  in  the  Blue  Grass  region.  In  addition  to  the 
municipal  supply,  many  cisterns  and  a  few  drilled  wells  are  in  use  at 
Paris,  and  a  large  spring  in  the  western  part  of  the  city  suppUes  water 
for  a  number  of  families.  Since  the  underground  stream  which  sup- 
plies this  spring  passes  under  a  thickly  inhabited  part  of  the  city,  the 
water  can  scarcely  be  regarded  as  safe,  even  though  its  use  does  not 
appear  to  be  injurious. 

Several  hundred  wells,  ranging  in  depth  from  30  to  more  than  100 
feet,  have  been  drilled  in  Bourbon  County,  and  in  most  localities  they 
have  been  very  successful;  but  in  a  few  places  they  have  obtained  no 
v/ater,  and  some  wells  near  Shawhan  encountered  strong  brine  which 
was  unfit  for  use.  Salt-sulphur  waters  are  usually  found  at  depths 
ranging  from  30  feet  in  some  of  the  valleys  to  100  feet  or  more  on  the 
hills. 
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Dug  wells  are  niunerous  throughout  the  county,  but  they  are  grad- 
ually being  abandoned  in  favor  of  cisterns,  from  which  the  water  for 
domestic  use  is  commonly  obtained.  The  average  depth  of  the  dug 
wells  does  not  exceed  35  feet.  Two  deep  wells  in  this  county,  one 
about  80  feet  and  the  other  120  feet,  were  sunk  by  digging  and  blast- 
ing. As  the  residual  clay  is  in  few  places  more  than  20  feet  thick, 
the  amount  of  rock  which  had  to  be  removed  must  have  made  the 
linking  of  these  wells  a  diflScult  task. 

The  cisterns  in  general  use  are  as  a  rule  well  constructed,  and  they 
receive  such  excellent  care  that  they  form  very  satisfactory  sources  of 
supply.  The  use  of  cisterns  and  a  small  hand  engine  for  fire  pro- 
tection in  the  smalj  towns  of  the  county  is  strongly  recommended. 

Besides  the  spring  at  Paris,  four  other  springs  in  the  county  supply 
large  quantities  of  water,  and  springs  of  moderate  size  are  found  on 
nearly  every  farm.  Several  of  the  large  plantations  are  supplied 
with  water  pumped  from  springs  to  reservoirs  or  standpipes  and 
distributed  to  the  buildings  by  gravity  pressure. 

BOYLE  COUNTY. 
SURFACE    FEATURES. 

The  surface  of  Boyle  County,  on  the  southern  border  of  the  Blue 
Grass  region,  is  greatly  diversified.  On  the  eastern  boundary  of  the 
county  is  Dix  River,  flowing  between  nearly  perpendicular  walls  of 
limestone  in  a  gorge  cut  to  a  depth  of  more  than  300  feet  below  the 
level  of  the  gently  rolling  upland,  which  extends  from  the  river  west- 
ward to  beyond  Perryville  and  from  the  northern  line  of  the  county 
southward  nearly  to  the  line  of  the  Louisville  and  Nashville  Railroad. 
South  of  the  Louisville  and  Nashville  and  west  of  the  Cincinnati 
Southern  Railroad  is  a  deeply  dissected  area  belonging  to  the  moun- 
tainous province.  The  mountains  here  are  somewhat  lower  than 
farther  east  in  the  Blue  Grass  region,  and  few  of  them  rise  more  than 
250  to  300  feet  above  the  level  of  the  upland.  From  the  upland  to 
the  mountains  the  transition  is  usually  abrupt,  though  the  hills  on 
the  upland  appear  to  be  highest  near  the  mountains. 

Dix  River  receives  the  drainage  of  the  eastern  part  of  the  county, 
its  principal  tributaries  being  Balls  Branch,  Wilson  Run,  and  Harrod 
Branch.  A  small  area  in  the  southeastern  part  of  the  county  is 
drained  by  the  tributaries  of  the  Hanging  Fork,  and  the  southwestern 
part  drains  to  Salt  River  through  North  Rolling  Fork  and  its  tribu- 
taries. The  northern  half  of  the  county,  west  of  Atoka,  is  drained 
by  Salt  and  Chaplin  rivers,  which  head  in  the  mountainous  area  of 
the  county,  and,  after  flowing  northward  for  several  miles,  turn 
westward  to  the  Ohio. 
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GEOLOGY   AND   UNDERGROUND   WATERS. 

UNCONSOLIDATED   MATERIALS. 

The  residual  soik  of  Boyle  County  vary  with  the  character  of  th 
underlying  rock.  On  the  shales  of  the  Eden,  Panola,  and  Ohi< 
formations  they  consist  of  dense,  heavy  clays,  at  few  places  thicke 
than  2  or  3  feet;  on  the  hmestone  formations  they  are  usually  mucl 
lighter  and  approach  loam  in  texture;  on  the  Waverly  shale,  whicl 
occupies  only  the  mountain  tops,  they  were  derived  from  the  sand 
stone  layers,  and  consequently  they  have  the  texture  of  a  sandy  loam 

The  unconsolidated  materials  in  this  county  furnish  directly  littL 
well  or  spring  water;  but  here  as  elsewhere  in  the  Blue  Grass  regioi 
the  residual  soils  store  considerable  moisture  and  transmit  it  grad 
ually  to  the  crevices  in  the  underlying  rocks.  The  thin  layers  o 
gravelly  alluvium  found  along  some  of  the  larger  streams  supplj 
moderate  quantities  of  water  in  the  neighborhood  of  the  streams. 

CONSOLIDATED  MATERIALS. 

The  rocks  exposed  at  the  surface  in  Boyle  County  include  the 
Highbridge,  Lexington,  and  Winchester  limestones,  the  Eden  shale 
limestones  and  shales  of  the  Maysville  formation,  the  blue  shales  and 
limestones  of  the  Panola  formation,  and  the  Ohio  and  Waverlj 
shales,  and  the  county  is  divisible  into  water  provinces  depending 
entirely  on  the  character  of  the  surface  rocks. 

The  Highbridge  limestone  is  exposed  in  the  gorge  of  Dix  River  and 
in  the  lower  parts  of  some  of  its  tributaries  and  furnishes  fresh  water 
only  along  that  stream. 

The  Lexington  limestone  forms  the  upper  part  of  Dix  River  gorge, 
covers  a  large  part  of  the  upland  between  Dix  and  Salt  rivers,  and  is 
also  exposed  along  the  headwaters  of  Chaplin  River.  The  Winchester 
limestone  forms  a  narrow  band  south  of  the  Lexington  limestone 
from  Dix  River  to  the  Cincinnati  Southern  Railway,  and  west  of  this 
railroad  it  spreads  over  broad  areas  on  the  upland  along  the  head- 
waters of  Salt  and  Chaplin  rivers  and  on  the  divides  between  these 
streams.  West  of  Perryville  the  Winchester  limestone  reaches 
nearly  to  the  Washington  County  line,  and  northwest  of  Danville  it 
occupies  some  small  areas  near  the  Mercer  County  line.  The  areas 
underlain  by  both  the  Lexington  and  Winchester  limestones  present 
very  favorable  conditions  for  springs  and  wells,  and  drilled  wells 
usually  obtain  an  abundance  of  water  at  depths  less  than  100  feet. 
Water  found  in  either  formation,  however,  below  the  level  of  the 
surface  streams  is  occasionally  salt  and  is  in  many  wells  sulphurous, 
sulphur  water  having  been  found  in  some  wells  50  feet  deep. 

Outside  of  the  Winchester  limestone  is  the  Eden  shale,  with  the 
Garrard  sandstone  member  occupying  the  upper   100  feet.    The 
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Iden  shale  forms  a  narrow  band  north  of  the  mountains  and  covers 
>nsiderable  areas  between  the  headwaters  of  Salt  and  Chaplin 
vers  and  to  the  south  and  west  of  PerryviUe.  The  shale  layers  of 
le  Eden  furnish  small  quantities  of  water,  and  the  sandstones,  which 
re  somewhat  better  water-bearers  than  the  shales,  furnish  fair  quan- 
ties  of  soft  water  for  both  springs  and  shallow  wells.  The  Eden 
bale  furnishes  no  water  for  deep  wells. 

The  limestones  and  shales  of  the  Maysville  formation  occupy  a 
arrow  strip,  1  to  2  miles  wide,  along  the  northern  edge  of  the  moun- 
ains  and  some  narrow  belts  along  the  large  streams  in  the  south- 
restem  part  of  the  county.  In  most  localities  these  rocks  furnish 
nough  water  for  domestic  and  farm  use.  They  contain  few  large 
prings,  but  small  ones  are  numerous  and  shallow  wells  are  uniformly^ 
uccessful.     They  might  also  yield  water  for  d^ep  welk. 

The  Panola  formation  includes  blue  shales  and  limestones,  which 
re  overlain  by  the  Ohio  shale.  The  principal  exposures  of  these 
Drmations  in  Boyle  County  lie  along  the  northern  side  of  the  moun- 
ains  and  border  the  valleys  of  North  RoUing  Fork  and  Scrub  Grass 
reeks.  The  formations  ^re  feebly  developed,  and  few  of  the  ex- 
posures exceed  half  a  mile  in  width.  At  Johnson  City,  however,  the 
)lack  shale  occupies  a  strip  a  little  over  a  mile  wide.  In  some  parts 
>f  the  county  the  Ohio  shale  is  less  than  40  feet  thick.  The  water 
upplied  by  these  formations  is  abundant,  but  is  usually  highly  min- 
iralized,  alum,  sulphur,  iron,  and  magnesia  being  common  constitu- 
ents. In  one  locality  salt  water  has  been  obtained. from  the  Ohio 
ihale. 

The  Waverly  shale  covers  a  large  part  of  the  area  south  of  the 
[jouisville  and  Nashville  and  west  of  the  Cincinnati  Southern  railroads, 
ts  sandy  beds  forming  the  tops  of  the  mountains.  The  thickness  of 
the  formation  exceeds  300  feet  in  but  few  places  in  this  county.  The 
5andstone  layers  of  the  Waverly  supply  an  abundance  of  soft  water 
Bvhere  they  are  exposed  at  the  surface,  and  it  is  this  formation  that 
Furnishes  the  numerous  springs  of  so-called  freestone  water  in  the 
mountains.  Few  wells  have  been  sunk  in  the  Waverly,  and  deep 
wells  in  this  formation  would  be  unsuccessful. 

The  St.  Peter  sandstone  underUes  all  of  Boyle  County  and  will 
probably  yield  flowing  wells  in  some  parts  of  Dix  River  gorge.  The 
water  from  this  formation  is  of  the  well-known  *'blue  lick'^  typ®  ^^ 
the  region. 

DOMESTIC    WATER   SUPPLIES. 

Springs,  drilled  or  dug  wells,  and  cisterns  furnish  the  water  for 
domestic  supplies  in  this  county.  Underground  water  conditions 
are  especially  favorable  in  the  valley  of  Salt  River,  where  there  are 
many  drilled  wells.     In  Perryville,  for  example,  there  are  about  100 
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drilled  wells,  ranging  in  depth  from  less  than  25  to  more  than  10 
feet,  with  an  average  depth  of  less  than  50  feet.  These  wells  obtai 
water  from  the  Winchester  and  Lexington  limestones.  At  Mitchells 
burg  two  drilled  wells,  about  100  feet  deep,  obtain  water  from  th 
Panola  formation,  and  springs  and  shallow  wells  in  this  form  at  io] 
will  in  most  locaUties  yield  suflScient  water  for  farm  use.  Severa 
different  kinds  of  mineral  water  are  obtained  from  the  Ohio  shale  a 
Junction  City,  Alum  Springs,  and  Shelby  City.  At  Mitchellsburj 
this  shale  supplies  considerable  white  sulphur  water,  but  the  othe 
types  common  to  the  formation  have  not  been  found  at  this  place. 

Dug  wells  are  common  throughout  the  county,  but  they  are  gradu 
ally  being  abandoned  in  favor  of  cisterns  or  drilled  wells — a  change 
which  would  appear  to  be  most  desirable,  as  the  drilled  wells  anc 
cisterns,  when  properly  constructed  and  cared  for,  are  much  lea 
likely  to  be  contaminated  by  impure  surface  water  than  are  the  du| 
wells. 

BRACKEN    COUNTY. 
SURFACE   FEATURES. 

Bracken  County  borders  Ohio  River  in  the  southeastern  part  of  the 
Blue  Grass  region.  The  altitude  of  Ohio  River  at  the  northwestern 
comer  of  the  county  is  about  440  feet  above  sea  level,  and  the  highei 
parts  of  the  county  rise  to  a  height  of  about  450  feet  above  the  river, 
South  of  Brooksville  there  are  some  areas  of  level  land,  but  elsewhere 
erosion  has  carved  the  surface  into  steep-walled  valleys,  separated  by 
narrow  divides. 

The  northern  part  of  the  county  is  drained  by  Locust  Creek  and 
other  small  tributaries  of  Ohio  River.  Licking  River  touches  the 
southwest  comer  of  the  county,  and  the  North  Fork  of  the  Licking 
forms  the  southern  boundary  and  receives  the  drainage  from  nearly 
all  of  the  southern  half  of  the  county.  Its  principal  tributary  wdthin 
the  county  is  Camp  Creek.  Kindale  Creek,  which  heads  near  the 
southwest  comer  of  Bracken  County,  crosses  Harrison  County  and 
enters  the  Licking  River  north  of  Falmouth. 

GEOLOGY  AND  UNDERGROUND  WATERS. 

UNCONSOLIDATED   MATERIALS. 

The  residual  materials  of  Bracken  County  consist  of  clays,  yellow 
or  reddish,  and  usually  thin  and  stony  on  account  of  the  great  amount 
of  erosion  to  which  they  have  been  subjected  since  the  removal  of  the 
forests.  In  the  northeastern  part  of  the  county,  where  the  surface  is 
nearly  level,  the  residual  clay  is  in  places  more  than  3  feet  thick. 
The  glacial  deposits  of  the  county  are  restricted  to  the  Ohio  Valley, 
where  they  are  represented  by  such  materials  as  the  conglomerate 
near  Augusta.     The  terrace  gravels  rise  to  an  altitude  of  75  to  80  feet 
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above  the  river,  and  have  the  same  general  character  here  as  m  other 
counties  of  the  Blue  Grass  region.  Where  they  rest  on  dense  rocks 
which  are  free  from  open  crevices  the  residual  materials  yield  a  little 
water  to  springs  and  wells;  elsewhere  they  supply  water  to  the  crevices 
in  the  underlying  rock. 

The  alluvial  deposits  along  the  streams  furnish  an  abundance  of 
hard  water,  which  is  usually  obtained  by  sinking  drilled  wells.  Many 
springs  issue  from  the  alluvium  along  the  banks  of  the  Ohio,  and  wells 
procure  large  suppUes  at  depths  ranging  from  80  to  110  feet. 

CONSOLIDATED   MATERIALS. 

The  surface  rocks  of  Bracken  County  include  the  Lexington  lime- 
stone, which  is  exposed  in  the  stream  beds  and  on  the  lower  parts  of 
the  slopes,  in  most  places  less  than  100  feet  above  the  streams;  the 
Winchester  limestone,  exposed  along  the  main  Licking  River,  North 
Fork,  Ohio  River,  and  along  the  lower  courses  of  the  tributaries  which 
enter  these  streams;  the  Eden  shale,  which  occupies  the  slopes  of  the 
valleys  and  covers  a  considerable  area  on  the  upland,  the  most  ex- 
tensive exposures  being  found  near  the  southwestern  comer  of  the 
county;  and  the  Maysville  formation,  found  capping  the  highest  hills, 
covering  considerable  areas  of  the  upland  in  the  northeastern  part  of 
the  county.  The  Maysville  formation  is  represented  in  this  county 
chiefly  by  the  lower  members,  but  some  of  the  limestone  beds  which 
outcrop  on  the  eastern  edge  of  the  county  probably  belong  near  the 
middle  of  the  group. 

The  Lexington  limestone  will  probably  furnish  no  fresh  water  in 
Bracken  Coimty,  but  it  may  yield  salt  or  salt-sulphur  water. 

Where  the  Winchester  limestone  is  exposed  in  the  valleys  of  the 
streams  it  furnishes  moderate  quantities  of  hard  water.  In  most  parts 
of  the  county,  however,  it  will  not  yield  fresh  water,  though  deep 
wells  may  obtain  from  it  salt-sulphur  water. 

In  locaUties  where  it  forms  the  surface  rock  the  Eden  shale  yields 
moderate  quantities  of  hard  water  to  springs  or  shallow  wells.  Deep 
wells  which  penetrate  this  formation  obtain  either  inadequate  sup- 
plies or  none  at  all. 

The  St.  Peter  sandstone  underlies  this  county  at  depths  ranging 
from  less  than  1,500  feet  on  the  upland  to  about  1,000  feet  in  the 
Ohio  Valley.  This  formation  contains  salt-sulphur  water  under  suffi- 
cient head  to  give  flowing  wells  in  the  valley  of  Ohio  River  and  the 
lower  parts  of  some  of  the  large  tributary  streams.  The  Highbridge 
limestone,  which  rests  on  the  St.  Peter,  will  probably  supply  nothing 
but  salt  or  salt-sulphur  water  in  this  part  of  the  Blue  Grass  region. 
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DOMESTIC   AND   INDUSTRIAL   WATER   SUPPLIES. 

Water  for  domestic  purposes  is  obtained  in  this  county  from  springs, 
dug,  drilled,  or  bored  wells,  and  from  cisterns,  the  cisterns  forming 
the  most  satisfactory  source  of  supply. 

A  few  very  successful  wells  have  been  sunk  in  the  alluvium  of  the 
Ohio  Valley,  the  only  failure  resulting  from  locating  the  well  too 
near  the  valley  wall,  where  rock  was  encountered.  A  drilled  well  at 
Cummins  Brothers*  mill  furnishes  a  large  supply  of  water  which  is 
very  satisfactory  for  use  in  the  boiler  of  the  mill.  At  Brooksville 
several  unsuccessful  wells  have  been  sunk,  and  it  does  not  appear 
probable  that  much  fresh  water  can  be  obtained  by  drilling.  An  oil 
well  sunk  on  the  outskirts  of  the  town  encountered  a  small  amount 
of  hard  water  near  the  surface  and  strong  salt-sulphur  water  at  a 
greater  depth. 

Dug  wells  from  20  to  30  feet  deep  and  springs  of  moderate  size  are 
common  on  the  upland,  and  they  furnish  an  abimdance  of  water 
during  a  wet  season,  but  both  springs  and  wells  are  apt  to  fail  in 
dry  weather.  Some  of  the  springs  in  the  valleys  of  the  small  streams 
yield  brackish  sulphur  water.  Along  the  banks  of  the  Ohio  springs  are 
numerous  when  the  stream  is  low,  but  they  are  usually  submerged 
during  high  water. 

CAMPBELL   COUNTY. 
SURFACE   FEATURES. 

Campbell  Coimty,  lying  between  Licking  and  Ohio  rivers,  com- 
prises the  narrow  belt  of  lowland  along  these  streams  and  the  upland 
area  between  them.  The  upland  consists  of  a  deeply  dissected 
plateau  with  narrow  interstream  areas.  Ohio  River,  where  it  borders 
the  county,  has  an  altitude  of  less  than  540  feet  above  sea  level,  and 
the  highest  points  on  the  upland  are  about  400  feet  above  the  river. 
Licking  River  is  somewhat  higher  than  the  Ohio,  and  the  valleys  of 
both  streams  have  precipitous  sides.  Along  the  Licking,  southwest 
of  Alexandria,  at  a  height  of  nearly  200  feet  above  the  stream,  is  a 
rock  terrace  capped  with  a  few  feet  of  Tertiary  sand  containing 
pebbles  of  chert  derived  from  the  younger  geologic  formations  to  the 
south. 

The  principal  streams  of  the  coimty  are  Philips  Creek,  a  tributary 
of  Licking  River,  and  Twelvemile  Creek,  a  tributary  of  the  Ohio.  A 
number  of  smaller  tributaries  join  each  of  the  rivers.  These  tributary 
streams  have  very  steep  gradients,  many  of  them  descending  200  or 
300  feet  in  a  distance  of  3  or  4  miles. 
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GEOLOGY  AND  UNDERGROUND  WATERS. 

UNCONSOLIDATED   MATERIALS. 

The  rock  formations  of  Campbell  Comity  miderlie  a  thin  mantle  of 
unconsolidated,  yellow  or  reddish-brown  soil.  In  some  places  near 
the  Ohio  River  this  material  contains  fragments  of  rock  and  is  prob- 
ably of  glacial  origin,  but  over  most  of  the  comity  it  has  been  weath- 
ered from  the  underlying  rock.  The  residual  soil  is  largely  clay  over 
the  shale  areas,  but  over  the  limestone  areas  it  has  the  texture  of 
loam. 

These  residual  clays  contain  considerable  water,  but  they  yield 
very  little  directly  to  wells  or  springs.  They  serve,  however,  a 
valuable  purpose  in  storing  moisture  and  feeding  it  to  the  crevices  in 
the  underlying  rocks. 

Alluvial  terraces  of  sand  and  gravel  with  a  maximum  thickness 
somewhat  exceeding  110  feet,  are  found  along  Ohio  River,  where 
they  reach  an  altitude  of  over  550  feet  above  tide.  The  alluvium  in 
the  Licking  Valley  also  consists  of  sand  and  gravel,  but  the  percentage 
of  sand  is  greater  than  along  the  Ohio  Valley  and  the  deposit  is  not  so 
thick.  A  thin  deposit  of  coarse  alluvium  containing  fragments  of  lime- 
stone with  some  clay,  is  usually  found  bordering  the  small  streams. 
Along  Licking  River  the  rock  terraces  carry  a  deposit  of  porous  sandy 
gravel,  which  was  probably  at  one  time  nearly  continuous,  but  much 
of  which  has  been  removed  by  erosion,  so  that  it  now  appears  only 
b  small  isolated  patches. 

The  alluvium  of  the  Ohio  Valley  is  very  porous  and  contains  a  large 
amount  of  water.  A  number  of  wells  obtain  water  from  these  beds  at 
depths  of  80  to  110  feet,  and  the  height  of  the  water  in  the  wells 
usually  varies  with  the  stage  of  the  river.  The  rise  and  fall  of  the 
water  is  most  marked  in  wells  which  penetrate  coarse  gravel  near  the 
bank  of  the  stream,  and  the  fluctuations  usually  lag  behind  the  cor- 
responding stages  in  the  river.  Many  springs  emerge  from  the 
alluvium  just  above  the  level  of  the  river.  The  water  from  these 
gravels  is  moderately  hard,  but  the  degree  of  hardness  varies  con- 
siderably. 

The  alluvium  along  Licking  River  supplies  water  to  springs  along 
the  river  bank,  and  it  would  also  furnish  water  to  wells.  The  quality 
of  the  water  is  practically  the  same  as  that  in  the  sand  and  gravel  of 
Ohio  River.  The  alluvium  of  the  small  streams  furnishes  some  water 
in  wet  weather,  but  the  supply  is  likely  to  fail  in  perioils  of  drought. 

CONSOLIDATED   MATERIALS. 

The  Lexington  and  Winchester  limestones  are  largely  under  cover 
in  this  county.  Where  exposed  in  the  bottoms  of  the  small  valleys 
they  supply  moderate  quantities  of  hard  water,  but  where  buried 
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under  the  younger  formations  they  usually  furnish  only  brackish 
water,  which  may  contain  considerable  hydrogen  sulphide. 

The  Winchester  is  overlain  by  from  250  to  300  feet  of  shales,  with 
occasional  beds  of  limestone,  which  represent  the  Eden  shale.  These 
rocks  form  the  lower  slopes  of  the  stream  valleys  and  rise  to  the 
upland  near  the  borders  of  the  county,  and  furnish  small  quantities 
of  hard  water  to  shallow  wells  and  springs. 

Above  the  Eden  shale  are  the  interbedded  limestones  and  shales  of 
the  Maysville  formation,  which  make  the  surface  rocks  over  a  narrow 
belt  in  the  center  of  the  upland  portion  of  the  county.  Near  the 
center  of  the  county  the  limestone  beds  of  the  Maysville  are  the  pre- 
dominant surface  rocks. 

The  rocks  of  the  Maysville  formation  furnish  the  water  supplies 
for  shallow  wells  on  the  upland.  Underground  channels  are  numer- 
ous, and  hence  underground  water  conditions  are  good;  but  near 
the  rivers,  where  the  more  shaly  portions  of  the  lower  part  of  the 
Maysville  are  at  the  surface,  the  underground  charmels  are  smaller 
and  the  water  conditions  less  favorable.  In  the  central  part  of  the 
county  rocks  of  the  Maysville  yield  water  to  many  good  springs  and 
wells,  but  outside  the  central  area  the  springs  are  smaller  and  the  wells 
as  a  rule  obtain  small  supplies.  All  the  water  from  the  Maysville 
formation  is  hard. 

The  Highbridge  limestone  is  under  cover  in  this  county,  but  if  pene- 
trated by  deep  wells  it  would  probably  yield  nothing  but  strongly 
mineraUzed  water. 

The  St.  Peter  sandstone  underlies  Campbell  Coimty  at  depths  of 
900  to  1,000  feet  m  the  Ohio  Valley  and  1,400  to  1,500  feet  on  the 
upland.  It  yields  a  strong  salt-sulphur  water,  under  head  suflBcient 
to  give  flowing  wells  in  the  valleys  of  Ohio  and  Licking  rivers  and  in 
the  lower  parts  of  the  valleys  of  the  small  streams  which  enter  these 
rivers. 

CARROLL  COUNTY. 
SURFACE   FEATURES. 

Carroll  County  is  in  the  western  part  of  the  Blue  Grass  region,  with 
the  Oliio  River  forming  its  northern  boundary.  The  upland  surface 
of  the  county  is  a  deeply  eroded  plateau  with  narrow  divides  and 
steep-sided  valleys,  the  highest  parts  rising  to  an  elevation  of  about 
900  feet  above  tide  or  more  than  450  feet  above  the  Ohio.  Along 
Eagle  Creek,  which  forms  the  southeastern  boundary  of  the  county,  is 
a  well-developed  rock  terrace. 

Kentucky  and  Little  Kentucky  rivers,  which  enter  the  Ohio  in  this 
county,  have  cut  dee[),  narrow  channels  across  it.  The  most  im- 
portant of  the  numerous  smaller  streams  of  the  county  are  McCoots 
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Creek,  a  tributary  of  Ohio  River,  and  Whites  Run  and  Eagle  Creek, 
tributary  to  the  Kentucky. 

GEOLOGY  AND  UNDERGROUND  WATERS. 

UNCONSOLIDATED   MATERIALS. 

A  large  part  of  the  upland  is  covered  by  a  few  feet  of  heavy  clay 
derived  from  the  decomposition  of  the  underlying  rock,  which  usually 
contains  much  shale.  On  the  upland  west  of  the  divide  which  sep- 
arates the  tributaries  of  Ohio  River  from  those  of  other  streams,  the 
surface  is  mantled  by  glacial  deposits  consisting  of  residual  clay 
mixed  with  fragments  of  limestone  with  occasional  pebbles  and 
bowlders  of  other  rocks.  East  of  Carrollton,  in  a  gap  in  the  rock 
ridge  which  separates  the  valleys  of  Ohio  and  Kentucky  rivers,  the 
till  forms  a  well-defined  ridge  less  than  one-half  a  mile  wide  ^  which 
appears  to  be  a  moraine.  This  moraine  presents  a  nearly  flat  top, 
which  is  apparently  due  to  a  capping  of  loess  like  silt.  The  residual 
and  glacial  materials  furnish  very  little  water  directly  to  wells,  but 
they  serve  a  valuable  purpose  in  storing  water  and  supplying  it  to  the 
crevices  in  the  underlying  rock. 

A  heavy  deposit  of  alluvium,  consisting  of  sands  and  gravels  which 
were  deposited  by  waters  from  the  melting  of  the  Wisconsin  ice  sheet, 
is  found  in  the  Ohio  Valley  and  fills  the  valley  to  a  depth  of  slightly 
more  than  100  feet,  its  surface  forming  terraces  which  rise  to  a  height 
of  nearly  100  feet  above  the  stream.  Wells  80  to  120  feet  deep  obtain 
an  abundance  of  water  in  this  deposit. 

Along  Eagle  Creek  and  Kentucky  River  are  thin  deposits  of  alluvial 
sands  and  gravel  which  rise  about  80  feet  above  the  streams.  The 
alluvium  of  Kentucky  River  furnishes  a  large  quantity  of  water  at 
depths  of  100  feet  or  less,  but  that  along  Eagle  Creek  is  in  few  places 
more  than  30  feet  thick  and  furnishes  only  moderate  quantities  of 
water.  The  thin  deposits  of  coarse  alluvium  found  along  smaller 
streams  is  in  most  places  but  a  few  feet  thick,  and  it  yields  water  only 
during  wet  weather.  The  water  obtained  from  all  the  alluvial 
deposits  is  moderately  hard,  but  it  is  suitable  for  domestic  use,  and 
along  Ohio  and  Kentucky  rivers  it  is  used  for  industrial  purposes. 

CONSOLIDATED   MATERIALS. 

The  Winchester  limestone  is  exposed  in  the  valleys  of  all  the  prin- 
cipal streams  in  Carroll  County,  occupying  the  lower  slopes,  and  above 
the  Winchester,  reaching  to  the  lower  parts  of  the  upland,  is  the  Eden 
shale.  Resting  on  the  Eden  shale  are  the  limestones  and  shales  of 
the  Maysville  formati(m,  which  cover  all  the  higher  parts  of  the 

aLeverott,  Frank,  Glacial  formations  of  the  Erie  and  Ohio  basins:  Men.  U.  S.  Geol.  Survey,  vol.  41, 
1902,  p.  257. 
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upland.  The  Maysville  and  Richmond  formations  of  this  county 
contain  a  high  percentage  of  shale,  except  in  areas  south  of  the  K£b- 
tucky  River,  where  the  upper  part  of  the  Richmond  consists  of  seTeral 
feet  of  massive  limestone. 

The  Winchester  limestone  furnishes  some  fresh  water  for  shallow 
wells  located  in  the  valleys,  but  over  the  greater  part  of  the  county 
it  will  furnish  nothing  but  salt-sulphur  water.  The  water  of  the  salt- 
sulphur  spring  at  Sanders,  which  comes  from  this  formation,  dooely 
resembles  the  famous  **Blue  Lick"  water  but  contains  less  mineral 
matter.     This  may  be  due  to  the  entrance  of  surface  water. 

The  Eden  shale  furnishes  little  water  except  near  the  surface,  and 
wells  and  springs  in  this  formation  are  apt  to  fail  in  dry  weather. 

The  limestone  layers  of  the  Maysville  and  Richmond  formations 
furnish  water  for  the  shallow  wells  and  springs  on  the  upland,  the 
supply  usually  being  ample  for  a  farm,  except  in  very  drj^  weather. 
Most  of  the  wells  obtain  water  at  depths  less  than  35  feet,  and  it  is 
practically  useless  to  sink  wells  deeper  than  50  feet  in  the  areas 
covered  by  these  rocks.  The  water  from  the  limestones  of  the  Mays- 
ville and  Richmond  formations  is  hard,  but  is  satisfactory  for  domes- 
tic use.  The  massive  limestone  of  the  Richmond  formation  supplies 
considerable  water  in  many  places. 

Experience  has  shown  that  the  Lexington  and  Highbridge  lime- 
stones, when  buried  beneath  the  younger  formations,  as  they  are  in 
Carroll  County,  furnish  salt  or  salt-sulphur  water,  and  it  is  useless  to 
attempt  to  obtain  fresh  water  from  them. 

The  St.  Peter  sandstone,  which  should  be  reached  at  depths  of  900 
to  1,000  feet  in  valleys  of  the  streams  bordering  this  county,  will 
furnish  flowing  wells  of  salt-sulphur  water  in  the  valleys  of  Eagle 
Creek  and  Ohio  and  Kentucky  rivers.  On  the  upland  the  St.  Peter 
Ues  deeper,  and  the  water  does  not  have  sufficient  head  to  force  it  to 
the  surface. 

CLARK  COUNTY. 
SURFACE   FEATURES. 

Clark  County  is  situated  on  the  southern  edge  of  the  Blue  Grass 
region.  The  surface  is  greatly  diversified,  varying  from  the  gently 
rolling,  nearly  level,  areas  in  the  western  and  northern  parts,  with  the 
streams  flowing  in  broad  shallow  valleys  and  the  divides  flat  topped 
or  sUghtly  roimded,  to  the  rugged  area  in  the  southeast  comer  of  the 
county,  where  the  mountains  rise  300  to  400  feet  above  the  level  of 
the  upland.  Along  the  .southern  boundary  of  the  county  the  surface 
is  cut  by  the  deep  narrow  gorges  of  the  tributaries  of  Kentucky  Rirer, 
and  local  variations  in  reUef  are  found  as  that  river  passes  from  areas 
of  easily  eroded  rocks  where  the  slopes  are  gentle  to  areas  in  which 
the  rocks  are  more  resistant  and  form  vertical  chflfs. 
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The  drainage  of  Clark  County  is  divided  almost  equally  between 
[Peking  and  Kentucky  rivers,  the  watershed  which  separates  the  two 
systeins  passing  nearly  east  and  west  through  Winchester.  From 
the  district  north  of  this  line  the  drainage  is  carried  to  Licking  River 
through  Stoner  Creek,  which  heads  a  few  miles  east  of  Winchester. 
The  principal  tributaries  of  Stoner  Creek  in  Clark  Coimty  are  Donel- 
son  Creek,  Pretty  Rim,  and  Strodes  Creek.  The  principal  tributaries 
of  Kentucky  River  within  the  coimty  are  Howards  Creek,  Twomile 
Creek,  Fourmile  Creek,  and  Upper  Howards  Creek.  Boones  Creek, 
on  the  western  boundary  of  th'e  county,  and  Lulbegrund  Creek,  on 
the  eastern  boundary,  are  important  tributaries  of  Kentucky  River 
which  drain  small  areas  of  Clark  County. 

GEOLOGY    AND    UNDERGROUND   WATERS. 
UNCONSOLIDATED   MATERIALS. 

The  unconsoUdated  materials  consist  of  residual  clays  and  loams 
on  the  shale  and  Umestone  areas  of  the  upland  and  of  alluvial  sands 
and  gravels  in  the  gorge  of  Kentucky  River.  As  in  other  counties  of 
the  region,  the  residual  soils  yield  no  water  directly  to  wells,  but  they 
furnish  considerable  moisture  to  crevices  in  the  underlying  hmestone. 
The  alluvial  sands  and  gravels  in  the  gorge  of  Kentucky  River  would 
probably  provide  excellent  supplies  for  shallow  wells. 

CONSOLIDATED   MATERIALS. 

The  Ilighbridge  limestone  is  exposed  in  the  walls  of  the  gorge  of 
Kentucky  River  and  in  the  lower  parts  of  the  tributary  streams  in 
the  southwestern  part  of  the  county.  Where  it  appears  at  the  sur- 
face in  the  southern  part  of  the  county  it  will  supply  moderate  quan- 
tities of  hard  water  for  springs  and  wells,  but  elsewhere  in  the  county 
it  will  yield  only  salt  or  salt-sulphur  waters. 

The  Lexington  limestone  is  exposed  over  largo  areas  along  Strodes 
and  Stoner  creeks  and  on  the  upland  in  the  southwestern  part  of  the 
county,  and  some  small  exposures  are  also  found  in  the  stream  valleys 
south  of  Winchester.  Where  this  hmestone  is  at  the  surface  it  fur- 
nishes an  abundance  of  hard  water  for  springs  and  wells,  but  at 
depths  of  about  50  feet  in  the  valleys  and  100  feet  on  the  uplands 
it  furnishes  salt  or  salt-sulphur  water.  In  the  northeastern  part  of 
the  county  the  salt-sulphur  water  is  encountered  in  some  wells  at  a 
depth  of  less  than  50  feet.  Some  of  the  springs  in  this  formation  in 
the  northwestern  part  of  the  county  are  exceptionally  strong,  and 
most  of  the  drilled  wells  have  been  successful. 

The  Winchester  limestone  occupies  a  narrow  strip  along  the  bound- 
ary of  the  Lexington  exposures  and  covei-s  a  large  area  in  the  north- 
western part  of  the  county,  and  furnishes  moderate  quantities  of  hard 
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water  for  springs  and  shaUow  wells.  In  wells  exceeding  50  feet  in 
depth  the  water  is  usually  strongly  saUne,  and  in  some  of  them  it  is 
sulphurous. 

The  Eden  shale  occupies  a  large  area  in  the  central  and  eastern 
parts  of  this  county,  the  Garrard  sandstone  member  reaching  a  thick- 
ness of  more  than  100  feet.  The  formation  furnishes  small  quanti- 
ties of  hard  water  to  shallow  wells,  but  drilled  wells  obtain  no  water 
from  it  below  a  depth  of  25  to  30  feet.  Most  of  the  springs  in  the 
Edefa  shale  are  weak,  and  many  of  them  fail  during  dry  weather. 

Rocks  of  the  Maysville  formation  cover  a  large  part  of  the  south- 
eastern and  eastern  parts  of  the  county,  and  the  higher  hills  in  the 
southeastern  part  of  the  county  are  capped  by  a  deposit  of  sandy 
shales  containing  some  beds  of  earthy  Umestone  which  may  repre- 
sent the  Richmond  formation.  The  Maysville  and  Richmond  rocks 
furnish  considerable  water  for  springs  and  shallow  wells,  but  few  deep 
wells  obtain  any  large  suppUes  of  water  from  them. 

The  Panola  formation,  which  outcrops  over  a  large  area  in  the 
southeastern  part  of  the  coimty,  consists  of  about  50  feet  of  Umestone 
containing  interbedded  shale,  in  many  places  sandy,  overlain  by 
about  5  feet  of  yellow  magnesian  limestone.  The  limestone  layers 
of  the  Panola  yield  in  some  localities  considerable  water  for  springs 
and  shallow  wells,  but  the  water  is  usually  strongly  charged  with 
magnesia. 

The  Ohio  shale  occurs  in  the  same  localities  as  the  Panola  forma- 
tion, but  the  areas  are  somewhat  more  restricted.  The  Waverly 
shale  is  exposed  in  the  southeastern  part  of  the  coimty,  but  its  areal 
extent  is  small.  The  Ohio  shale  and  the  shales  of  the  Panola  forma- 
tion furnish  a  large  variety  of  mineral  waters,  the  most  common  types 
being  alum,  chalybeate,  and  sulphur.  In  the  eastern  part  of  the 
county  some  of  the  springs  from  these  shales  supply  medicinal  waters 
for  a  health  resort. 

The  St.  Peter  sandstone  underlies  Clark  Coimty  and  will  probably 
yield  flowing  wells  in  Kentucky  River  gorge  north  of  the  large  fault, 
and  possibly  in  the  region  south  of  the  fault.  On  the  upland  the 
water  would  come  within  300  or  400  feet  of  the  surface  in  but  few 
localities.  In  this  county,  as  elsewhere  in  the  Blue  Grass  region,  the 
water  would  be  highly  saline,  and  consequently  imfit  for  domestic  or 
industrial  uses. 

STRUCTURAL    FEATURES. 

The  rocks  of  Clark  County  dip  gently  toward  the  southeast,  the 
only  important  structural  feature  being  the  large  faults  in  the  south- 
ern part  of  the  county.  One  of  these  extends  from  about  a  mile 
north  of  Ruckerville  in  a  direction  slightly  south  of  west  to  a  point 
about  a  mile  north  of  Valley  View.     Kentucky  River  crosses  this  faxilt 
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six  times  on  the  southern  line  of  the  county,  and  thus  the  fault  plane 
is  alternately  in  Clark  and  Madison  coimties.  Near  Ruckerville  this 
fault  is  represented  by  a  small  fold  that  gives  place  to  a  fault  with  a 
gradually  increasing  displacement  toward  the  west,  imtil  it  reaches 
a  maximum  of  nearly  400  feet  near  Cleveland. 

Another  fault  begins  at  Kentucky  River  below  Jacksons  Ferry  and 
extends  northeastward  into  Montgomery  Coimty  near  Kiddville. 
The  maximum  displacement  along  this  fault  is  less  than  that  of  other 
faults,  but  it  amounts  to  nearly  300  feet.  In  both  of  these  faults  the 
rocks  on  the  northern  side  of  the  fault  plane  have  been  lifted  with 
relation  to  those  on  the  south.  In  the  fault  first  mentioned  the 
Highbridge  limestone  on  the  north  side  of  the  fault  has  been  brought 
to  the  level  of  the  Garrard  sandstone  member  of  the  Eden  shale  on 
the  south,  and  in  the  other  fault  the  upper  part  of  the  Lexington 
limestone  on  the  north  side  reaches  the  level  of  the  Garrard  sandstone 
member  on  the  south. 

WATER   FOR   DOMESTIC    AND   INDUSTRIAL   SUPPLIES. 

The  water  for  Winchester,  the  only  large  city  in  Clark  County,  is 
taken  from  reservoirs  on  a  small  stream  a  few  miles  from  the  city, 
and  the  supply  is  ample  for  all  the  prospective  needs  of  the  com- 
munity. 

Many  good  springs  are  found  in  all  parts  of  the  county,  the  largest 
being  in  the  northern  half,  but  few  of  them  supply  more  water  than  is 
needed  for  a  single  farm. 

Drilled  wells,  ranging  in  depth  from  less  than  50  to  more  than  125 
feet,  are  numerous  in  the  vicinity  of  the  Lexington  and  Eastern  Rail- 
road junction  and  to  the  north  and  west  of  Winchester.  At  Win- 
chester and  eastward  along  the  Lexington  and  Eastern  Railroad  salt 
and  salt-sulphur  waters  predominate,  while  to  the  north  and  west  of 
Winchester  ordinary  hard  water  is  usually  obtained.  In  the  southern 
part  of  the  county  there  are  few  drilled  wells,  though  some  were 
reported  at  Kiddville,  where  they  obtain  mineral  water.  The  many 
dug  wells  in  the  county  are  not  much  used,  except  when  other  sources 
of  supply  fail. 

FAYETTE  COUNTY. 
SURFACE    FEATURES. 

Fayette  County  lies  in  the  very  heart  of  the  Blue  Grass  region.  On 
its  southern  boundary  is  the  gorge  of  the  Kentucky,  and  except  near 
this  river,  where  many  of  the  streams  have  cut  narrow  channels 
200  or  300  feet  deep,  the  country  is  essentially  a  plateau  with  a  gently 
rolling  surface,  presenting,  however,  considerable  diversity.  Varia- 
tions in  altitude  of  50  to  100  feet  within  short  distances  are  many, 
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and  the  extreme  range  within  the  county  is  more  than  500  feet,  ft^r 
there  is  fully  that  difference  between  the  surface  of  the  Kentucky  ai»i 
that  of  the  highest  parts  of  the  upland. 

The  drainage  of  the  entire  county  is  into  Kentucky  River.  Th*: 
of  the  southeastern  comer  reaches  the  river  through  Boone  Creek. 
that  of  the  south-central  part  through  East  Hickman  and  little  Hick- 
man creeks;  and  that  of  the  north-central  and  northern  parts  throu«rt 
Elkhom  Creek,  which  is  formed  by  the  union  of  three  branchea?— 
North  Elkhom,  South  Elkhom,  and  the  town  branch — and  which 
joins  the  Kentucky  in  the  northern  part  of  Franklin  County.  From 
the  source  of  North  Elkhorn  Creek  to  the  point  where  the  water  enl^r- 
Kentucky  River  the  distance  is  nearly  twice  as  great  as  is  the  distaDf*- 
from  the  source  of  the  same  stream  to  Kentucky  River  on  the  south 
The  direction  of  the  streams  seems  to  have  been  established  by  tbt 
original  slope  of  the  surface  of  the  Lexington  peneplain  and  by  tht- 
course  of  the  underground  dramage,  which  developed  before  the  pen<^ 
plain  was  uplifted.  The  divide  between  the  northward  and  south- 
ward flowing  streams  extends  from  Brannon  northeastward  to 
Ijcxington,  and  thence  southeastward  past  Chilesburg.  The  Aa; 
areas  along  this  divide  and  along  the  divides  between  the  other  stream 
valleys  form  the  catchment  areas  for  underground  streams.  The  best 
defined  of  these  streams  flows  through  Russell  Cave,  but  there  are 
many  smaller  ones.  The  presence  of  the  underground  channels  Is 
indicatc»d  by  numerous  sinks  and  springs. 

GEOLOGY    AND    UNDERGROUND   WATERS. 
UNCONSOLIDATED   MATERIALS. 

The  rocks  nearest  the  surface  in  Fayette  County  are  overlain  by 
re.sidual  material,  usually  red  or  yellow,  varying  in  thickness  from  a 
few  inches  to  more  than  25  feet,  the  average  being  probably  5  or  6 
feet.  On  the  Lexington  and  Ilighbridge  limestones  the  soil  is  made 
up  of  the  comparatively  insoluble  constituents  of  these  rocks;  on  the 
Eden  and  Winchester  formations  it  is  made  up  in  part  of  the  insoluble 
constituents  of  the  limestone  layers  and  in  part  of  the  fragments  int^t 
which  the  many  shale  layers  of  these  formations  break  up  on  being 
exposed  to  weathering.  The  soils  on  the  Ijcxington  and  Ilighbridge 
limestones  are  for  the  most  part  loamy,  but  those  on  the  Winchester 
limestones  and  Eden  shales  usually  contain  a  large  amount  of  clay. 
In  the  residual  clay  on  the  I^exington  limestone  there  are  many 
nodules  of  chert  arranged  in  bands,  much  as  they  were  in  the  original 
rock.  As  the  underlying  limestone  has  been  removed  by  solution  the 
soil  has  settled,  the  most  marked  settlings  taking  plac^  along  the 
joints  where  th(*  water  circulated  freely  and  the  limestone  was  dis- 
solved rapidly.     This  unequal  sinking  has  caused  the  chert  beds 
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to  bend  down  at  the  joints^  leaving  a  series  of  arches  over  the  heavy- 
blocks  of  limestone.  Because  the  solution  along  the  joints  was 
unequal  the  amount  of  downward  cmrature  varies,  and  in  some  places, 
where  the  roof  of  a  cavern  has  fallen,  the  chert  is  entirely  gone. 

Except  in  the  city  of  Lexington,  few  wells  obtain  water  from  the 
residual  material,  but  the  material  serves  a  valuable  purpose  in 
storing  water  and  feeding  it  gradually  to  the  underground  streams 
in  the  limestone. 

CONSOLIDATED   MATERIALS. 

The  rocks  of  Fayette  Coimty  are  all  of  Ordovician  age,  the  forma- 
tions ranging  from  the  Eden  shale  down  to  and  including  part  of  the 
Highbridge  limestone.  The  greater  part  of  the  surface  is  made  up 
of  the  Lexington  limestone,  but  the  Winchester  limestone  lies  at  the 
surface  over  considerable  areas  in  the  northwestern  and  southeastern 
parts  of  the  county.  Li  the  extreme  southeastern  comer  the  High- 
bridge  limestone  is  exposed  in  an  area  a  few  square  miles  in  extent! 
A  strip  of  Eden  shale  several  miles  long  and  less  than  half  a  mile 
wide  extends  in  a  northeast-southwest  direction  through  the  center 
of  the  county.  These  rocks  lie  in  an  almost  horizontal  position,  and 
except  for  the  faults  that  have  brought  the  Eden  shale  into  contact 
with  the  Lexington  limestone  they  have  been  subjected  to  very  little 
disturbance. 

The  principal  water-bearing  formation  in  the  county  is  the  Lexing- 
ton limestone,  which  supplies  many  springs,  some  of  them  of  large 
size,  and  most  of  the  drilled  and  dug  wells.  The  waters  of  this  lime- 
stone are  of  two  kinds — hard  waters,  with  short  underground  courses, 
yielded  by  the  shallow  wells  and  by  practically  all  of  the  springs;  and 
mineral  waters,  usually  alkaline,  many  of  them  containing  salt,  sul- 
phur, and  other  mineral  matter  in  noticeable  quantities,  supplied  by 
many  of  the  drilled  wells  in  different  parts  of  the  coimty.  Of  these 
the  flowing  well  on  the  Hisle  farm  is  a  noteworthy  example.  Under- 
ground drainage  is  favored  by  the  topography  of  the  area  near  Lex- 
ington and  in  the  north  half  of  the  county,  and  in  these  areas  water 
is  abundant;  elsewhere  it  is  foimd  in  smaller  quantities,  but  there 
are  few  farms  on  the  Lexington  limestone  area  without  at  least  one 
good  spring,  and  some  of  the  farms  have  a  large  number  of  springs. 

The  Highbridge  limestone  furnishes  considerable  quantities  of  water 
for  dug  and  drilled  wells  and  a  few  springs  of  moderate  size,  but  its 
surface  is  too  deeply  dissected  to  allow  the  formation  of  large  under- 
groimd  streams.  In  quality  the  water  is  practically  the  same  as  that 
in  the  Lexington  limestone,  and  ordinary  hard  waters  and  mineral 
waters  are  most  important. 
88942—iRB  23a— 09 8 
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The  Winchester  limestone  is  of  slight  importance  as  a  ivater  bears 
except  in  the  southeastern  part  of  the  county,  for  the  layers  of  sink 
separating  the  limestone  beds  prevent  the  formation  of  extensivf 
underground  channels.  Shallow  wells  in  this  formation  yield  htic 
water,  but  some  of  the  deeper  wells  penetrating  it  obtain  salt-«ulphiir 
water. 

The  Eden  shale  is  so  dense  as  to  be  almost  impervious,  and  tfcf 
water  supplied  by  it  is  always  meager  in  quantity  and  often  poc»  ii. 
quaUty. 

The  St.  Peter  sandstone  underlies  Fayette  County,  but  the  depit 
at  which  it  would  be  reached  is  not  certainly  known.  The  horizue 
that  supplies  the  flowing  well  at  Frankfort  was  reached  at  a  depii 
of  900  feet.  In  the  Kentucky  gorge,  on  the  southern  boundary  tc 
the  county,  the  depth  to  this  horizon  would  probably  be  le^  tho 
900  feet.  It  is  doubtful  if  the  St.  Peter  sandstone  would  furnish  & 
flowing  well  in  the  Kentucky  River  gorge,  and  as  the  head  of  the  -WBler 
from  the  St.  Peter  is  only  about  580  feet  above  sea  level,  no  welis 
drilled  on  the  upland  to  this  formation  would  flow.  The  water  from 
the  St.  Peter  is  too  highly  mineralized  for  domestic  or  industnai 
uses,  but  it  is  considered  valuable  for  medicinal  pxuposes.  Its  coid- 
position  is  sho\vn  by  the  analysis  of  the  water  from  the  Old  76 
distillery.     (See  p.  212.) 

WATER   FOR  DOMESTIC   AND  INDUSTRIAL   SUPPLIES. 

The  only  public  supply  in  the  county  is  in  the  city  of  Lexington 
(see  list  on  p.  85),  but  the  private  supplies  of  the  stock  farms  rir&i 
the  best  city  supplies  in  efficiency  and  in  detail  of  construction. 
Many  of  the  smaller  farms  provide  water  for  stock  by  means  cf 
ponds  constructed  to  retain  surface  water,  but  most  of  the  Ibt^ 
farms  use  underground  water,  either  from  springs  or  wells.  In  some 
places  the  spring  water  is  merely  impounded,  but  in  others  it  is 
pumped  to  a  tank  from  which  it  is  distributed  to  the  different  parts 
of  the  farm.  The  wells  in  most  common  use  are  of  the  drilled  type 
and  range  in  depth  from  30  to  nearly  300  feet.  The  height  to  which 
the  water  rises  varies  greatly  in  different  wells,  and  \^ade  variations 
in  the  quantity  and  quality  of  the  supply  are  also  shown.  The  only 
flowing  well  noted  in  the  county  is  on  the  Hisle  farm. 

The  uncertainty  of  wind  power  has  led  to  the  adoption  of  iht* 
gasoline  engine  for  pumping  water  on  most  of  the  large  stock  farms. 

The  water  of  the  shallower  drilled  wells  is  apt  to  be  hard,  with 
much  lime  and  magnesia  and  smaller  quantities  of  other  mineral 
compounds,  while  that  of  many  of  the  deeper  wells  is  alkaline,  con- 
taining more  or  less  salt  and  sulphur  and  other  less  noticeable  ingrp- 
dients.  Although  these  general  qualities  are  ascribed  to  the  shallow 
and  deep  wells,  respectively,  it  does  not  follow  that  all  deep  welJs 


Digitized  by  VjOOQIC 


FAYETTE  COUNTY.  115 

itain  highly  mmeralized  waters  or  that  shallow  wells  never  supply 
Mn.  The  difference  appears  to  be  based  on  the  relation  of  the 
derground  stream  to  the  surface  drainage.  Attention  is  called  to 
5  chemical  analyses  (Nos.  24  and  25,  p.  212)  of  the  remarkable  alka- 
e  \irater  of  the  well  at  the  depot  of  the  Cincinnati  Southern  Rail- 
y  in  Lexington. 

A.  few  wells,  ranging  in  depth  from  15  to  30  feet,  dug  and  blasted 
,o  the  rock,  are  still  used  in  this  county  to  supply  water  for  stock 
d  domestic  purposes.  The  water  from  these  wells  is  always  hard, 
e  supply  is  apt  to  fail  during  periods  of  drought,  and  they  are  sub- 
rt  to  pollution  by  surface  water.  They  can  not  therefore  be 
;arded  as  forming  an  entirely  satisfactory  source  of  supply.     Most 

the  rock  wells  extend  down  to  the  solid  limestone,  and  as  a  rule 
e  water  seeps  in  from  the  earth  or  cracks  in  the  rock,  although  in 
me  wells  a  definite  underground  stream  is  encountered.  A  good 
:ample  of  this  is  finnished  by  a  15-foot  well  at  Athens,  in  which 
le  water  rises  nearly  to  the  top  within  a  few  hours  after  each  rain 
id  then  gradually  falls  until  it  reaches  its  normal  level  with  a  depth 

3  feet. 

On  most  farms  the  water  for  drinking  is  obtained  from  cisterns, 
id  on  some  of  them  the  entire  domestic  supply  is  drawn  from  this 
)urce.  The  cisterns  are  as  a  rule  well  cemented  and  many  of  them 
re  provided  with  filtering  devices.  Chain  pumps  are  in  high  favor 
ecause  of  the  aeration  resulting  from  the  falling  back  into  the  well 
f  much  of  the  water  raised.  Such  aeration  is,  however,  of  doubtful 
alue,  and  the  use  of  chain  piunps  allows  dust  and  insects  to  get 
ito  the  water  and  increases  the  possibility  of  contamination.  More 
ffective  filtration  and  the  adoption  of  pumps  that  will  exclude  for- 
ign  matter  are  greatly  to  be  desired. 

Cisterns  also  form  the  chief  source  of  supply  for  niost  of  the  small 
owns  in  various  parts  of  the  county.  In  some  settlements  of  more 
ban  a  hundred  people  only  one  or  two  wells  may  be  in  use. 

In  the  city  of  Lexington,  in  addition  to  the  public  supply,  many 
istems  and  a  few  wells  furnish  water  for  domestic  purposes.  The 
langer  of  pollution  of  underground  waters  in  a  city  like  Lexington  is 
^eat,  and  the  use  of  such  waters  for  domestic  supplies  can  not  be  too 
ftrongly  condenmed.  The  underground  drainage  appears  to  con- 
verge  toward  the  town  branch  of  Elkhom  Creek,  and  the  wells  outside 
ihe  city  should  be  comparatively  free  from  contamination  by  city 
sewage.  If  the  custom  of  allowing  city  sewage  to  enter  the  under- 
ground channels  were  entirely  discontinued,  the  quality  of  the  under- 
ground waters  would  undoubtedly  be  improved;  but  the  danger  of 
pollution  by  surface  drainage  would  still  remain  and  the  waters  would 
probably  never  be  entirely  safe  for  domestic  use. 
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FLEMING  COUNTY. 
SURFACE   FEATURES. 

Fleming  County,  located  on  the  eastern  edge  of  the  Blue  Grass 
region,  inclvfdes  on  its  eastern  border  a  strip  6  or  8  miles  wide  belong 
ing  to  the  mountainous  part  of  the  State.  The  topography  of  tliL 
strip  is  rugged,  the  flat-topped  mountains  rising  abruptly  400  to  50( 
feet  above  the  valleys,  which  are  from  1  to  2  miles  wide.  West  of  the 
mountains  is  a  belt  of  country  10  to  15  miles  wide  whose  gently  rolling 
surface  presents  broad  interstream  areas  separated  by  shallow  valleys 

The  southern  and  a  large  part  of  the  western  boundary  of  the 
county  is  formed  by  Licking  River,  which  receives  the  drainage  of  the 
southern  part  of  the  county  through  Fox  and  Locust  creeks  and  many 
smaller  streams,  and  of  the  central  part  through  Fleming  Creek, 
which  enters  the  river  just  west  of  the  Robertson  County  line.  These 
streams  flow  in  valleys  cut  from  100  to  300  feet  below  the  surface  oi 
the  upland  and  separated  by  divides  in  many  places  only  a  few  rods 
wide.  The  drainage  of  the  northwestern  part  of  the  county  reaches 
the  Licking  through  Johnson,  Elk,  and  Buchanan  creeks,  and  that 
of  the  northern  and  northeastern  parts  enters  the  North  Fork  of  the 
Licking  through  a  number  of  small  streams. 

OEOLOGY  AND  UNDERGROUND  WATERS. 
UNCONSOLIDATED  MATERIALS. 

The  residual  materials  of  Fleming  County  vary  with  the  geologic 
formations  from  which  they  were  derived.  On  the  Eden  shale  the 
soil  is  a  thin,  stony,  yellow  or  reddish  clay;  on  the  rocks  of  the  Mays- 
ville  and  Richmond  formations  brownish  or  reddish  clays  are  found, 
which  are  usually  thicker  and  more  porous  than  the  clays  derived 
from  the  shale  formations;  on  the  Silurian  and  Devonian  shales  the 
deposits  are  dense,  light-colored  clays.  The  Silurian  limestones  de- 
compose to  a  rather  porous  red  clay.  The  Waverly  shale  occurs  only 
on  the  slopes  of  the  mountains  and  is  covered  with  coarse  dfibris 
which  has  fallen  or  been  washed  down  the  hillsides;  the  sandstone  of 
the  Waverly  disintegrates  to  a  light  sandy  loam,  which  is  in  most 
places  very  porous. 

The  residual  materials  furnish  no  water  to  wells  or  springs  except 
where  they  rest  on  dense  rocks  like  the  Eden  or  Siluro-Devonian 
shales,  but  where  underlain  by  limestone  formations  they  may  store 
considerable  water,  which  is,  in  part,  supplied  to  the  crevices  in  the 
rock. 

CONSOLIDATED  MATERIALS. 

Along  the  western  edge  of  the  county  the  Winchester  limestone  is 
exposed  in  the  valleys  of  Licking  River  and  its  principal  tributaries, 
but  not  far  from  Sherburne  its  eastward  dip  carries  it  below  the 
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drainage  levels.  In  the  valleys  of  the  streams  where  it  forms  the 
airface  rock  this  formation  yields  some  hard  water  for  wells,  but  m 
other  parts  of  the  county  water  obtained  from  it  will  contain  salt  and 
salt-sulphur  compounds. 

Along  the  streams  and  on  the  upland  in  the  western  part  of  the 
county  the  Eden  shale  forms  the  surface  rock,  but  few  of  its  exposures 
are  more  than  3  or  4  miles  wide.  This  shale  furnishes  some  water 
for  springs  and  shallow  wells,  which  are,  however,  apt  to  fail  in  dry 
weather.  At  depths  of  30  feet  or  more  below  the  surface  it  yields 
no  water. 

East  of  the  exposures  of  Eden  shale  is  a  belt  of  limestone  of  the 
Maysville  formation,  which  passes  beneath  the  Richmond  formation 
along  a  line  extending  from  a  point  south  of  Tilton  northeastward  to 
about  a  mile  east  of  Flemingsburg,  and  thence  northward  to  the  north 
line  of  the  county.  The  eastern  boundary  of  the  Richmond  forma- 
tion follows  Licking  River  from  the  east  line  of  the  county  to  a  point 
near  Wyoming,  Bath  County,  and  thence  passes  northward  in  a 
smuous  line  west  of  Grange  City,  MiUsboro,  and  Poplar  Plains  and 
east  of  Flemingsburg  and  Mount  Gilead.  The  Richmond  extends 
much  farther  east  in  the  valleys  than  on  the  uplands,  and  some  narrow 
bands  or  isolated  exposures  of  it  are  found  east  of  the  line  just  men- 
.  tioned-  The  limestones  of  the  Maysville  formation  provide  excep- 
tionally good  conditions  for  underground  water  and  in  most  places 
furnish  an  abundance  of  hard  water  for  springs  and  shallow  wells. 
Drilled  wells  may  encounter  gas  or  water  containing  petroleum  or 
hydrogen  sulphide  gas  at  depths  of  60  to  150  feet.  The  rocks  belong- 
ing to  the  Richmond  formation  as  a  rule  present  less  favorable  con- 
ditions for  underground  water  than  those  of  the  Maysville,  because  of 
the  high  i>ercentage  of  shale  they  contain;  but  most  of  the  springs  in 
this  formation  yield  moderate  amounts  of  hard  water,  and  most  of  the 
shallow  wells  obtain  good  supplies. 

Above  the  rocks  of  the  Richmond  formation  and  covering  all  the 
rest  of  the  county  except  the  mountainous  areas  are  the  shales  and 
limestones  of  the  Silurian  and  Devonian  periods,  consisting,  in 
ascending  order,  of  about  25  feet  of  yellow  magnesian  Umestones  con- 
taining beds  of  shale  in  the  lower  and  upper  parts,  nearly  100  feet 
of  blue  shale,  and  150  feet  of  black  carbonaceous  shale.  In  some 
localities  a  thin  deposit  of  concretionary  iron  ore  is  found  at  the  top 
of  the  lower  shale  bed,  and  at  one  locaUty  about  5  feet  of  yellow 
magnesian  limestone  was  observed  at  the  base  of  the  black  shale,  but 
neither  of  these  deposits  appears  to  be  widely  distributed  in  the  county, 
linney  correlated  the  lower  shales  and  Umestones  to  within  a  few  feet 
of  the  black  shale  with  the  Silurian;  the  black  shale  with  the  beds  of 
limestone  at  the  base  he  considered  Devonian  .<»    The  blue  shale  of  this 

•  lAmtej,  W.  M.,  Geology  of  Bath  and  Fleming  counties:  Geol.  Survey  Kentucky,  1886,  pp.  67-77. 
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series  presents  unfavorable  conditions  for  underground  water,  though 
some  wells  derive  a  Uttle  water  from  the  unconsoUdated  materials 
above  it.  The  hmestones  usually  furnish  shallow  wells  with  an 
abundance  of  hard  water,  commonly  containing  considerable  mag- 
nesia. The  black  (Ohio)  shale  suppUes  many  springs  of  highly 
mineraUzed  water,  usually  containing  either  alum  or  sulphur. 

Above  the  Ohio  shale  is  a  greenish,  even-bedded  sandstone,  about 
18Q  feet  thick,  with  many  interbedded  shale  layers.  This  sandstone 
caps  the  mountains,  and  being  more  resistant  than  the  shale  below, 
it  prevents  rounding  of  the  slopes.  The  sandstone,  with  its  inter- 
bedded shale,  was  called  sub-Carboniferous  sandstone  by  Linney** 
and  Waverly  shale  by  Campbell.''  The  Waverly  shale  yields  an 
abundance  of  soft  water,  supplying  the  well-known  "freestone" 
springs  so  numerous  along  the  mountain  sides.  It  is  probable,  also, 
that  the  spring  water  of  the  Ohio  shale  was  originally  absorbed  by 
the  Waverly  shale  and  became  mineraUzed  after  emerging  from  that 
formation  during  its  passage  through  the  joints  in  the  shale. 

The  Lexington  and  Highbridge  limestones  and  the  St.  Peter  sand- 
stone are  deeply  buried  in  Fleming  County,  but  would  yield  salt 
and  salt-sulphur  waters  to  deep  wells.  The  water  from  the  St.  Peter 
would  probably  rise  nearly  to  the  surface  in  the  valley  of  Licking 
River  at  the  western  boundary  of  the  county,  but  it  is  doubtful  if  • 
surface  flows  could  be  obtained  except  near  the  northwest  comer  of 
the  county,  where  a  small  area  is  less  than  590  feet  above  sea  level. 

FRANKLIN  COUNTY. 
SURFACE   FEATURES. 

Franklin  County,  m  hirli  ho<  in  the  southern  part  of  the  Blue  Grass 
ro.rinii,  iiu  ]-  •       *  t   topographic  provinces  which  coincide 

difiFerent  geologic  formations.     That 

Kentucky  River  and  south  of  a  line 

3ntucky  just  north  of  the  mouth  of 

rovince,  with  a  gently  rolling  surface 

)unty,  west  of  the  river,  is  deeply  dis- 

separated  by  narrow  ridges.     In  gen- 

these  provinces  to  the  other  is  gradual. 

ive  a  range  exceeding  400  feet. 

IS  area  from  north  to  south,  receiving 

irough  Elkhom  and  Benson  creaks  and 

^>om  the  south  Une  of  the  county  to  the 

?  walls  of  the  Kentucky  gorge  are  pre- 

the  northern  end  of  the  county  a  well- 


Fleming  counties:  G«ol.  Survey  Kentucky,  1886,  pp.  78,  79. 
y.  46),  Oeol.  AUas  U.  8.,  U.  S.  Geol.  Survey,  1896. 
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defined  rock  terrace,  from  80  rods  to  1  mile  wide,  rises  to  an  altitude 
of  about  500  feet  above  sea  level.  Above  this  terrace  the  valley  walls 
rise  abruptly  to  the  level  of  the  upland.  This  broad  terrace  is  well 
developed  along  Elkhom  Creek,  where  it  reaches  an  altitude  of  over 
600  feet  above  tide.  Along  the  Kentucky  south  of  the  mouth  of 
Elkhom  Creek,  where  the  terrace  may  be  observed  at  several  points, 
it  is  as  a  rule  less  than  one-half  mile  wide.  In  some  places  this  terrace 
surrounds  hills  that  have  been  separated  from  the  upland  by  the 
erosion  of  the  streams.  Such  isolated  remnants  of  the  upland  may 
be  seen  at  Bethel  Church  on  Elkhom  Creek  and  at  Gratz  and  Frank- 
fort on  Kentucky  River.  The  separation  of  these  hills  from  the 
upland  appears  to  have  taken  place  in  part  since  the  formation  of  the 
rock  terrace,  for  the  channels  surrounding  them  have  been  excavated 
below  the  level  of  the  terrace. 

GEOLOGY   AND   UNDERGROUND   WATERS. 
UNCONSOLIDATED  MATERIALS. 

The  residual  materials  on  the  limestone  areas  of  the  county  com- 
prise brownish  or  reddish  loams  derived  from  the  decomposition  of 
the  underlying  rocks;  on  areas  underlain  by  shale  they  consist  of 
stiff  yellow  or  red  clays.  These  materials  furnish  Uttle  water  for 
wells  or  springs  except  where  they  are  underlain  by  relatively  imper- 
vious rock,  and  even  in  such  places  the  supply  is  small  and  is  apt  to 
fail  in  dry  weather. 

Along  Kentucky  River  and  on  the  limestone  terraces  that  border 
the  principal  streams  are  considerable  areas  of  sandy  alluvium  which 
yield  large  quantities  of  water  to  springs.  Few  wells  have  been  sunk 
in  the  alluvium  in  Franklin  County,  but  those  drilled  obtained  an 
abundance  of  moderately  hard  water  at  depths  ranging  from  50  to 
80  feet.  This  deposit  will  furnish  large  quantities  of  water  only  in 
places  where  it  extends  below  the  level  of  the  river;  where  it  rests 
upon  the  limestone  terraces  the  water  escapes  through  channels  in 
the  rock. 

CONSOLIDATED   MATERLAL8. 

The  Highbridge  limestone  is  exposed  along  Kentucky  River  from 
the  southern  hne  of  the  county  to  a  point  about  9  miles  beyond 
Frankfort,  where  its  dip  carries  it  below  water  level.  In  localities 
where  it  forms  the  surface  rock  it  furnishes  hard  water  for  shallow 
wells;  but  where  it  is  covered  by  other  formations  it  yields  brines 
which  are  as  a  rule  charged  with  sulphur. 

The  Lexington  limestone  forms  most  of  the  surface  rock  from  the 
southern  line  of  the  county  to  Switzer  and  on  the  terraces  along  the 
principal  streams,  and  is  also  exposed  along  Benson  Creek  from 
Kentucky  River  to  the  west  line  of  the  county.     In  most  places  it 
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contains  many  water-bearing  channels  which  supply  an  abundance 
of  water  for  both  springs  and  wells,  and  nearly  all  the  large  springs  of 
the  county  get  their  water  from  this  formation.  Many  of  the  wells 
sunk  below  the  level  of  the  surface  streams,  however,  obtain  salt  or 
salt-sulphur  water,  and  water  of  this  character  may  be  expected  in 
the  Lexington  limestone  where  it  is  covered  by  younger  formations. 

A  narrow  strip  bordering  the  exposures  of  Lexington  shows  the 
Winchester  limestone,  and  the  formation  is  also  exposed  in  a  large 
area  east  of  Kentucky  River  in  the  southern  part  of  the  county.  In 
most  localities  where  it  forms  the  surface  rock  the  Winchester  fur- 
nishes moderate  quantities  of  hard  water  to  springs  and  shallow  wells; 
but  wells  which  penetrate  the  limestone  to  depths  below  the  level  of 
the  surface  drainage  obtain  salt  or  salt-sulphur. 

The  Eden  shale  is  exposed  over  a  large  part  of  the  county  west  of 
Kentucky  River  and  north  of  Elkhorn  Creek  on  the  east  side  of  the 
river,  and  furnishes  small  quantities  of  water  for  springs  and  shallow 
wells.  Farther  below  the  surface,  however,  this  rock  is  too  dense  to 
yield  water. 

The  limestone  of  the  Maysville  formation  may  occur  on  some  of  the 
high  hills  near  the  Shelby  County  line,  but  it  is  not  extensively  de- 
veloped in  Franklin  County. 

The  St.  Peter  sandstone  lies  at  a  depth  of  790  feet  in  Kentucky 
River  gorge  near  the  southern  line  of  the  county  and  900  feet  at 
Frankfort.  On  the  upland  the  maximum  depth  to  this  formation 
would  probably  be  less  than  1,500  feet.  Flowing  wells  of  salt- 
sulphur  water  can  be  obtained  from  the  St.  Peter  wherever  the  alti- 
tude of  the  surface  is  less  than  580  feet  above  sea  level. 

STRUCTURAL   FEATURES. 

The  rocks  of  Franklin  County  dip  slightly  toward  the  southwest  and 
present  no  interesting  structural  features  except  the  faults  in  the 
northern  and  eastern  areas.  In  the  eastern  part  of  the  county  are 
two  faults  which  extend  from  south  of  Stamping  Ground  northwest 
into  Franklin  County.  The  area  between  these  faults  has  been 
dropped  so  that  the  Eden  shale  is  brought  into  contact  with  the 
Lexington  limestone.  Prof.  Arthur  M.  Miller  has  informed  the 
writer  that  there  is  another  small  fault  west  of  Kentucky  River  in 
the  northern  part  of  Franklin  County. 

DOMESTIC   AND   INDUSTRIAL  WATER   SUPPLIES. 

Dug  or  drilled  wells,  springs,  and  cisterns  supply  the  greater  part 
of  the  water  used  in  Franklin  County.  The  water  supply  of  Frank- 
fort is  taken  from  Kentucky  River,  and  as  no  cities  are  located  on  the 
river  above  that  city  the  supply  should  be  satisfactory.  A  large 
amount  of  sediment  in  the  water  renders  it  somewhat  objectionable 
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for  some  purposes,  but  this  sediment  might  be  removed  at  compar- 
atively small  expense  by  the  use  of  a  mechanical  filter. 

The  aUuvium  of  the  Kentucky  gorge  formerly  supplied  water  for 
a  number  of  wells  at  Frankfort,  80  to  110  feet  deep,  but  these  wells 
have  nearly  all  been  closed  in  accordance  with  the  advice  of  the 
health  oflScers. 

Drilled  wells  from  50  to  150  feet  deep  are  numerous,  and  most  of 
them  yield  excellent  suppUes,  though  the  water  of  some  of  the  deeper 
wells  is  sulphurous.  In  the  vicinity  of  Jett  there  are  nearly  a  score  of 
drilled  wells.  At  Frankfort  drilled  wells  have  been  less  successful, 
and  some  absolute  failures  are  reported.  The  Murray  well  at  Frank- 
fort is  1,250  feet  deep  and  encountered  a  strong  flow  of  salt-sulphur 
water  in  the  St.  Peter  sandstone  at  a  depth  of  900  feet.  The  water 
from  this  well  was  formerly  sold  for  medicinal  purposes,  but  the  sales 
gradually  diminished  until  the  enterprise  was  abandoned.  As  the 
water  undoubtedly  has  considerable  value  in  the  treatment  of  certain 
diseases  of  the  organs  of  digestion  and  excretion  it  should  find  a 
ready  market. 

Many  cisterns  are  used  in  the  areas  of  the  county  underlain  by  the 
Eden  shale,  for  the  water  furnished  by  this  formation  is  in  some 
places  poor  in  quality,  is  meager  in  quantity,  and  the  supply  is  apt 
to  fail  entirely  in  very  dry  weather. 

GALLATIN  COUNTY. 
SURFACE   FEATURES. 

Gallatin  County  occupies  a  narrow  area  between  Ohio  River  and 
Eagle  Creek  in  the  northwestern  part  of  the  Blue  Grass  region. 
Except  along  the  streams,  where  level  strips  of  alluvium  are  found,  the  • 
surface  of  the  county  is  a  deeply  dissected  plateau,  with  altitudes 
ranging  from  445  feet  above  sea  level  at  the  Ohio  River  level  to  more 
than  900  feet  on  the  upland.  A  rock  terrace  along  the  valley  of 
Eagle  Creek  has  an  altitude  of  about  530  feet  above  sea  level.  Lev- 
erett  *  mentions  an  abandoned  valley  nearly  650  feet  above  sea  level, 
which  passes  from  Eagle  Creek,  2  miles  north  of  Glencoe,  to  Ohio  River 
just  north  of  Warsaw,  and  is  closely  connected  with  a  similar  valley 
which  extends  northward  to  the  South  Fork  of  Big  Bone  Creek. 

A  narrow  belt  on  the  east  side  of  the  county  drains  into  Eagle 
Creek,  but  the  principal  drainage  is  into  Ohio  River  through  Stephens 
Creek,  Craigs  Creek,  the  South  Fork  of  Big  Bone  Creek,  and  numerous 
smaller  streams.  All  of  these  streams  descend  from  the  level  of  the 
upland  to  the  Ohio  within  a  very  few  miles,  and  most  of  the  valleys 
have  precipitous  slopes. 


aLererett,  Frank,  Glacial  fonnatlonB  of  the  Erie  and  Ohio  basins:  Mon.  U.  S.  Geol.  Survey,  yol.  41, 
]SQ2,pp.n4-116. 
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GEOLOGY   AND  UNDERGROUND   WATERS. 

UNCONSOLIDATED   MATERIALS. 

The  glacial  deposits  in  Gallatin  County  consist  of  patches  of  clay 
containing  some  pebbles,  and  are  practically  restricted  to  the  area 
draining  to  Ohio  River. 

The  residual  materials  that  cover  so  large  a  part  of  the  co\mty  are 
made  up  of  yellow  to  reddish  clays  which  have  been  derived  from 
rocks  containing  a  large  percentage  of  shale,  and  hence  they  are 
usually  heavy.  Where  the  residual  materials  rest  on  the  Eden  shale 
they  supply  a  little  water  to  wells.  They  also  feed  water  to  under- 
lying rocks  from  whose  crevices  the  wells  and  springs  of  the  upland 
draw  most  of  their  supplies. 

The  usual  deposit  of  alluvium,  which  is  here  arranged  in  three  ter- 
races lying  at  altitudes  of  450,  470,  and  495  feet  above  tide,  is  found 
in  the  Ohio  Valley.  An  alluvial  deposit  consisting  of  sand  with  a  few 
pebbles  occurs  in  the  valley  of  Eagle  Creek,  and  thin  patches  of 
alluvium  were  observed  on  the  terrace  bordering  Eagle  Creek  and  in 
the  abandoned  channels  which  extend  from  this  creek  to  Ohio  River 
and  Big  Bone  Creek.  The  alluvium  of  the  Ohio  Valley  supplies 
large  quantities  of  moderately  hard  water  at  depths  ranging  from  60 
to  110  feet,  and  a  number  of  springs  emerge  from  it  along  the  banks 
of  the  river.  The  alluvium  along  Eagle  Creek  furnishes  some  water 
for  springs  and  shallow  wells,  but  the  supplies  from  these  sources  are 
very  little  utilized. 

CONSOLIDATED   MATERIALS. 

The  I^exington  and  Highbridge  limestones  are  deeply  covered  by 
younger  formations  over  the  greater  part  of  Gallatin  County,  though 
the  Lexington  is  exposed  along  Ohio  River  in  the  vicinity  of  War- 
saw. At  such  depths  these  formations  furnish  only  salt  or  salt- 
sulphur  water,  unfit  for  any  ordinary  purposes. 

The  Winchester  limestone  occupies  the  lower  slopes  of  the  Ohio 
Valley  and  is  also  exposed  along  Eagle  Creek  on  the  east  side  of  the 
county  and  in  the  valley  of  Big  Bone  Creek  on  the  northern  boundary. 
In  the  valleys  of  the  streams  where  it  is  at  the  surface  this  limestone 
yields  to  shallow  wells  a  supply  of  ordinary  hard  water,  such  as  is  com- 
monly found  in  limestones;  in  localities  where  it  is  deeply  covered,  as 
over  a  large  part  of  the  county,  its  water  is  salt  and  as  a  rule  contains 
sulphur. 

The  Eden  shale  occurs  in  the  valleys  of  all  the  large  streams  and 
reaches  well  up  toward  the  upland  over  a  large  part  of  the  county. 
This  formation  yields  practically  no  water  to  deep  wells,  and  the 
moderate  supply  for  shallow  wells  enters  as  a  rule  at  or  near  the  base 
of  the  unconsolidated  materials. 
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The  lower  members  of  the  Maysville  formation  cover  the  higher 
parts  of  the  upland  in  Gallatin  County.  These  rocks  contain  much 
shale  and  the  underground  channels  are  small.  Except  in  very  dry 
weather,  however,  they  supply  sufficient  water  for  farm  use,  most  of 
the  wells  being  less  than  35  feet  deep.  Springs  are  numerous  in  this 
formation,  and  som&  of  them  flow  during  the  driest  seasons. 

The  St.  Peter  sandstone  probably  lies  700  to  900  feet  deep  in  the 
valleys  of  the  principal  streams  and  would  undoubtedly  yield  salt- 
sulphur  water,  such  as  it  supplies  elsewhere  in  the  region,  under 
sufficient  head  to  flow  in  the  valleys  of  Ohio  River  and  Eagle  Creek 
where  they  border  Gallatin  County. 

GARRARD  COUNTY. 
SURFACE   FEATURES. 

Garrard  County  is  on  the  southern  edge  of  the  Blue  Grass  region, 
its  northern  boundary  being  formed  by  Kentucky  River  and  a  part 
of  its  western  boundary  by  Dix  River.  The  surface  of  the  north- 
western and  central  parts  of  the  county  is  gently  rolling,  except  near 
the  boundaries,  where  the  streams  have  cut  deep,  narrow  gorges  from 
100  to  400  feet  below  the  level  of  the  upland;  that  of  the  north- 
eastern part  is  deeply  dissected  by  numerous  streams,  whose  deep 
valleys  are  separated  by  narrow  divides;  and  that  of  the  southern  end 
is  diversified  by  mountains  which  rise  abruptly  to  a  height  of  nearly 
500  feet  above  the  level  of  the  broad  intervening  valleys.  Some  of 
the  finest  blue  grass  land  of  the  region  is  found  in  the  northern  end 
of  this  county. 

The  drainage  of  the  eastern  part  of  the  county  passes  into  Kentucky 
River  through  Paint  Lick  Creek;  that  of  the  central  part  reaches  the 
Kentucky  through  Sugar,  Davis,  and  Cane  creeks  and  several  smaller 
streams.  The  drainage  of  the  western  and  northern  parts  of  the 
county  is  to  Dix  River,  chiefly  through  Boones,  Drakes,  and  Coopers 
creeks. 

GEOLOGY  AND  UNDERGROUND  WATERS. 

UNCONSOLIDATED   MATERIALS. 

The  residual  materials  in  Garrard  Coimty  exhibit  wide  variation 
m  texture,  and  consequently  they  differ  greatly  in  water  capacity  in 
different  parts  of  the  county.  On  the  Lexington  and  Winchester 
limestones  and  the  limestones  of  the  Richmond  formation  they  are, 
as  a  rule,  rather  heavy  clays,  having  high  storage  capacity,  but  for 
the  most  part  they  supply  the  water  to  crevices  in  the  underlying 
rock  rather  than  directly  to  wells.  On  the  Eden  and  Siluro-Devonian 
shales  the  residual  materials  supply  small  quantities  of  water  directly 
to  springs  and  wells.     On  the  Garrard  sandstone  member  of  the  Eden 
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and  on  the  Waverly  shale  the  residual  materials  consist  chiefly  of 
sand,  and  they  absorb  considerable  moisture,  which  readily  sinks  into 
the  imderlying  rock. 

Narrow  strips  of  alluvium,  in  some  places  more  than  50  feet  thick, 
consisting  of  coarse  sand  containing  layers  of  chert  pebbles,  are  found 
along  Kentucky  River.  The  alluvium  supplies  abundant  water  for 
springs.  A  well  simk  into  it  across  the  river  from  Camp  Nelson 
obtained  water  at  a  depth  of  50  feet. 

CONSOLIDATED  MATERIALS. 

The  Highbridge  limestone  reaches  its  maximum  thickness  of  400 
feet  in  the  northern  part  of  the  county  across  the  river  from  Camp 
Nelson,  and  its  upper  layers  are  found  near  the  top  of  the  Kentucky 
gorge.  It  is  exposed  along  the  northern  line  of  the  coimty  to  a  point 
about  2  miles  above  Camp  Nelson  and  along  Dix  River  nearly  to  the 
head  of  the  gorge.  Some  excellent  springs  are  found  in  this  lime- 
stone along  Kentucky  River,  and  it  might  also  yield  water  for  shal- 
low wells  in  the  bottom  of  the  gorge.  On  the  upland,  where  it  is 
covered  by  younger  formations,  it  will  yield  no  fresh  water,  but  salt 
and  salt-sulphur  water  can  be  obtained  in  it  in  some  places. 

The  Lexington  limestone  is  foimd  in  the  Kentucky  gorge  above 
the  Highbridge,  and  it  forms  the  bottom  of  the  gorge  from  the  east- 
em  end  of  the  Highbridge  exposure  to  the  northeast  comer  of  the 
county.  It  is  also  exposed  along  Dix  River,  in  the  valleys  of  Sugar 
and  Paint  Lick  creeks,  and  over  a  large  part  of  the  upland  in  the 
western  part  of  the  county.  This  formation  supplies  water  for  springs 
along  Kentucky  River  and  in  various  places  where  exposed  on  the 
upland.  Shallow  wells  on  the  upland  also  usually  obtain  an  abun- 
dant supply  of  hard  water,  but  deep  wells  drilled  in  it  obtain  highly 
mineralized  salt  and  salt-sulphur  waters. 

The  Winchester  limestone  forms  part  of  the  valley  slopes  in  the 
northeastern  part  of  the  coimty  and  is  exposed  in  a  narrow  band 
bordering  the  upland  areas  of  the  Lexington.  Where  it  forms  the 
surface  rock  it  furnishes  moderate  quantities  of  hard  water,  but 
below  the  level  of  the  surface  streams  and  where  it  is  covered  by 
younger  geologic  formations  its  waters,  as  a  rule,  contain  salt  or  salt 
and  sulphur. 

The  Eden  shale  is  exposed  over  a  large  area  in  the  northeastern 
part  of  Garrard  County  and  extends  in  a  narrow  band  along  the 
eastern  edge  of  the  Winchester  limestone  from  about  a  mile  east  of 
Camp  Dick  Robinson  southward  to  Dix  River.  The  shale  member 
of  this  formation  yields  small  quantities  of  water  to  springs  and 
shallow  wells,  but  none  to  deep  wells.  The  sandstone  member  also 
is  in  most  places  rather  a  poor  water  bearer,  yielding  little  water 
except  in  localities  where  it  is  exposed  at  the  surface.     In  the  east- 
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em  part  of  the  county,  however,  some  of  the  more  sandy  layers 
furnish  considerable  water  for  springs  and  shallow  wells. 

The  Maysville  and  Richmond  formations  are  exposed  over  a  large 
a.rea  between  the  northern  edge  of  the  mountains  and  a  sinuous  line 
<lravm  from  Paint  Lick  to  Camp  Dick  Robinson,  and  they  are  seen 
a.lso  in  the  valleys  of  some  of  the  streams  in  the  southern  part  of  the 
county.    They  include  nearly  200  feet  of  interbedded  limestones  and 
shales  and  about  100  feet  of  sandy  limestones  and  shales.    It  seems 
possible  that  the  sandy  shales  and  possibly  some  of  the  upper  beds 
of  Ihnestone  belong  to  the  Richmond  formation.     In  the  south-cen- 
tral part  of  the  county  the  limestones  of  the  Maysville  are  in  many 
places  very  pure  and  the  beds  are  imusually  thick.    They  contain 
many  subsurface  channels,  which  afford  favorable  conditions  for 
oindergroimd  water,  springs  are  numerous,  and  shallow  wells  are 
\inifonnly  successful.    The  water  of  some  of  the  deeper  wells  is, 
however,  brackish  or  sulphurous. 

The  rocks  of  the  Richmond  formation  are  more  shaly  than  those 
of  the  Maysville,  and  underground  water  conditions  are  less  favor- 
able, but  springs  and  wells  deriving  water  from  them  nevertheless 
yield  ample  supplies  for  farm  use. 

The  Panola  formation  is  exposed  in  a  narrow  band  on  the  northern 
edge  of  the  mountainous  district  and  along  some  of  the  streams 
within  it,  and  it  occupies  areas  of  considerable  size  west  of  the  moim- 
tains.  The  shales  of  the  Panola  yield  little  water,  but  the  limestone 
layers  carry  large  quantities  of  water  containing  lime,  magnesia,  and 
other  inorganic  material. 

The  Ohio  shale  forms  a  narrow  belt  along  the  mountainous  area 
and  appears  on  a  few  isolated  hills  in  the  southwestern  part  of  the 
county.  This  rock  is  generally  traversed  by  joints  which  admit 
large  quantities  of  water,  and  consequently  nimierous  springs  and 
shallow  wells  are  supplied  by  it.  The  water  in  this  formation  is 
everjrwhere  highly  mineralized — alum  water,  chalybeate  water,  and 
sulphur  being  the  most  common  types  furnished  by  it. 

The  Waverly  shale  occupies  the  tops  of  the  mountains  in  the 
southeastern  part  of  the  county.  It  has  a  maximum  thickness  ex- 
ceeding 300  feet.  The  shale  beds  of  the  Waverly  contain  very  little 
water,  but  the  sandstones  which  cap  nearly  all  the  hills  contain 
abundant  supplies  of  soft  water,  which  emerges  in  springs  at  the  top 
of  the  imderlying  shale. 

The  St.  Peter  sandstone  underlies  the  entire  coimty  and  will  fur- 
nish flowing  wells  in  the  lower  part  of  DLx  River  gorge  and  in  the 
gorge  of  Kentucky  River  north  of  the  large  fault.  Here,  as  elsewhere 
in  the  region,  the  water  of  the  St.  Peter  would  be  of  such  quality  as 
to  unfit  it  for  ordinary  purposes. 
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STRUCTURAL   FEATURES. 

The  only  important  structural  features  exhibited  by  the  rocks  of 
Garrard  County  are  the  faults  which  occur  in  the  northern  and  south- 
em  areas.  The  west  end  of  the  Kentucky  River  fault  enters  this 
county  just  south  of  Camp  Nelson  and  extends  southwestward  sev- 
eral miles  to  the  point  at  which  it  finally  disappears.  The  displace- 
ment along  this  fault  in  Garrard  County  is  less  than  200  feet.  The 
existence  of  two  faults  is  shown  by  Campbell  <*  in  the  southeastern 
part  of  the  county.  The  maximum  displacement  of  one  of  these 
faults  has  brought  the  Waverly  shale  into  contact  with  the  Panola 
formation.  The  presence  of  faults  at  the  base  of  Burdetts  Kjiob 
was  noted  by  Owen  ^  during  the  first  geologic  survey  of  the  State. 

DOMESTIC    AND   INDUSTRIAL    WATER   SUPPLIES. 

Springs  and  dug  or  drilled  wells  form  the  principal  sources  of 
water  supply  for  all  domestic  purposes  in  Garrard  County.  Springs 
are  everywhere  numerous,  and  they  present  considerable  variety  in 
composition.  Soft  water  is  reported  in  the  vicinity  of  Point  Lea  veil 
and  Buckeye  and  at  various  places  in  the  mountains;  sulphur,  chalybe- 
ate, epsom,  and  alum  springs  are  common  along  the  northern  side 
of  the  mountains,  and  an  alum  spring  occurs  at  the  foot  of  Burdetts 
Knob.  Springs  of  ordinary  hard  water  are  found  in  the  northern 
and  central  parts  of  the  county,  and  in  the  southern  part  of  the 
county  are  some  magnesian  springs. 

Sufficient  water  for  a  farm  is  as  a  rule  obtained  by  dug  wells  less 
than  35  feet  deep.  In  the  western  part  of  the  county  and  near  Paint 
Lick,  Hyattsville,  and  Cartersville  are  a  number  of  drilled  wells 
ranging  in  depth  from  60  to  100  feet.  Near  Cartersville  drilled  wells 
obtain  sulphur  water  at  depths  of  25  to  50  feet.  At  Lancaster  a  drilled 
well  sunk  to  a  depth  of  1,100  feet  in  an  effort  to  procure  a  supply  for 
the  city  obtained  a  small  supply  of  fresh  water  near  the  surface  and 
a  large  flow  of  salt-sulphur  water  at  a  depth  of  several  hundred  feet. 
The  supply  of  Lancaster  is  now  taken  from  a  small  stream  which 
receives  no  objectionable  drainage,  and  the  water  is  very  satisfactory, 
but  considerable  water  is  still  used  from  shallow  wells.  It  is  doubtful 
if  any  of  the  well  water  is  as  pure  as  the  city  supply. 

GRANT  COUNTY. 
SURFACE   FEATURES. 

Grant  County  is  in  the  north-central  part  of  the  Blue  Grass  region. 
A  narrow  ridge,  known  as  "Dry  Ridge,"  with  a  maximum  altitude  of 
somewhat  more  than  950  feet,  crosses  the  county  from  north  to  south 

a  Campbell,  M.  R.,  Richmond  folio  (No.  46),  Geol.  Atlas  U.  8.,  U.  S.  Ged.  Survey,  1898. 
b  Owen,  David  Dale,  Third  Rept.,  Geol.  Survey  Kentucky,  1877. 
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and  forms  the  divide  between  the  tributaries  of  Eagle  Creek  and 
those  of  Licking  River.  The  divides  between  the  smaller  streams  are 
as  a  rule  somewhat  lower,  but  have  a  nearly  uniform  height,  which 
represents  the  approximate  level  of  the  plateau  which  has  been  dis- 
sected. The  streams  all  flow  in  narrow  steep-sided  valleys  which 
have  been  carved  in  the  plateau. 

Crooked,  Fox,  and  Grassy  creeks,  tributaries  of  Licking  River, 
receive  practically  all  the  drainage  of  the  area  east  of  Dry  Ridge. 
Eagle  Creek,  which  crosses  the  western  edge  of  the  county,  receives 
the  drainage  of  its  western  half.  Its  principal  tributaries  in  Grant 
County  are  Tenmile,  Clarks,  and  Grassy  creeks. 

GEOLOGY   AND   UNDERGROUND    WATERS. 
UNCONSOLIDATED   MATEBIAL8. 

Residual  soil  formed  by  the  breaking  up  of  the  underlying  rock 
covers  the  surface  of  the  county.  Near  the  northern  end  of  the 
county,  where  the  original  rock  contained  many  limestone  layers, 
the  soil  approaches  a  loam  in  texture,  but  farther  south,  where  shales 
predominated,  the  decomposition  product  is  a  heavy  clay.  In  but 
few  places  is  the  residual  clay  more  than  3  or  4  feet  thick,  and  in 
many  localities  it  is  only  a  few  inches  thick. 

Small  patches  of  alluvium  occur  along  all  the  large  streams,  but  it 
is  for  the  most  part  coarse  material  which  was  derived  from  the  decom- 
position of  the  rocks  on  the  slopes.  A  rock  terrace  along  Eagle  Creek 
is  covered  by  a  thin  deposit  of  sandy  alluvium. 

Both  the  alluvium  and  the  residual  clay  store  considerable  water 
and  supply  it  gradually  to  the  underlying  rock,  but  they  yield  little 
water  directly  to  wells.  An  exception  to  this  rule  is  found  where 
these  unconsolidated  materials  rest  on  dense  shale,  for  in  such  places 
the  water  is  obtained  directly  from  the  loose  material  or  from  its 
plane  of  contact  with  the  underlying  rock. 

CONSOLIDATED   MATERIALS. 

The  Winchester  limestone  is  exposed  in  the  valleys  of  Eagle  Creek 
and  several  small  streams,  and  where  it  is  at  the  surface  it  generally 
furnishes  good  supplies  of  hard  water.  In  the  bottoms  of  the  valleys, 
however,  wells  in  this  formation  obtain  a  brackish  sulphur  water,  and 
on  the  upland,  where  it  might  be  reached  by  drilling  deep  wells,  its 
waters  would  be  salt  or  salt-sulphur  in  character. 

The  Eden  shale  is  exposed  over  a  small  area  of  the  upland  near  the 
southern  end  of  the  county  and  on  the  slopes  of  all  the  principal 
streams.  Here,  as  elsewhere  in  the  Blue  Grass  region,  this  formation 
affords  practically  no  water,  except  near  the  surface  where  small 
cracks  have  formed  in  the  rock.  Moreover,  the  soil  above  the  shale 
is  80  dense  that  it  yields  little  water.     For  this  reason  springs  are 
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few  and  small  and  wells  are  not  very  successful  in  the  areas  of  its 
outcrop. 

The  surface  rocks  over  the  greater  part  of  the  upland  belong  to  the 
Maysville  formation.  The  highest  rocks  of  this  formation  that  are 
exposed  in  the  county  are  the  heavy  beds  of  limestone  found  north  of 
Crittenden;  south  of  Crittenden  the  lower  and  more  shaly  beds 
appear  at  the  surface.  The  limestones  of  the  Maysville  near  the 
northern  end  of  the  county  favor  the  formation  of  underground  chan- 
nels whose  presence  is  indicated  by  small  sink  holes.  Farther  south 
the  rocks  contain  a  much  larger  proportion  of  shale,  and  the  under- 
ground channels  are  small.  The  soil  over  the  more  shaly  areas 
affords  but  little  water  to  the  underlying  rock,  and  consequently  the 
undergroimd  supplies  are  limited.  The  water  from  these  rocks  is  as 
a  rule  hard. 

The  Lexington  and  Highbridge  limestones  and  the  St.  Peter  sand- 
stone might  be  reached  by  deep  wells,  but  they  would  afford  only 
salt  or  salt-sulphur  waters.  The  water  in  the  St.  Peter  is  under  suf- 
ficient head  to  rise  to  a  height  of  nearly  600  feet  above  sea  level,  but 
this  head  would  give  flowing  wells,  if  at  all,  only  in  the  lowest  part 
of  the  valley  of  Eagle  Creek. 

WATER  FOR  DOMESTIC  AND   INDUSTRIAL  SUPPLIES. 

The  springs  of  Grant  County  are  nearly  all  small,  and  some  of  them 
fail  in  dry  weather.  The  only  important  mineral  spring  is  Gum  Lick 
Spring,  in  the  southeastern  part  of  the  county,  which  supplies  a  good 
quality  of  salt-sulphur  water.  This  spring  was  formerly  visited  by 
many  persons  who  carried  the  water  away  for  drinking. 

Few  dug  wells  in  Grant  County  are  more  than  35  feet  deep,  and  in 
dry  weather  they  yield  very  little  water.  None  of  the  drilled  wells 
sunk  in  this  county  have  been  successful.  At  Williamstown  an 
attempt  was  made  to  procure  water  for  the  city  by  drilling  a  deep 
well;  no  fresh  water  vas  found,  but  strong  sulphur  water  was 
encountered  between  700  and  790  feet  below  the  surface. 

Cisterns  form  the  principal  source  of  supply  for  domestic  use,  both 
in  the  towns  and  on  farms.  In  a  few  localities  where  the  Eden  shale 
forms  the  surface  rock  cistern  water  is  also  used  for  stock.  The  city 
of  Williamstown  depends  upon  cisterns  and  hand  engines  for  fire  pro- 
tection. The  cisterns  are  located  at  various  points  along  the  main 
streets  and  are  filled  with  water  collected  from  the  roofs  of  ware- 
houses, stores,  and  churches. 

HARRISON  COUNTY. 
SURFACE   FEATURES. 

Harrison  Coimty  is  in  the  east-central  part  of  the  Blue  Grass 
region.     A  strip  of  country  several  miles  wide,  bordering  the  South 
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Fork  of  Licking  River,  has  a  gently  rolling  surface,  with  shallow 
Talleys  and  rounded  divides;  but  on  the  east  and  west  of  this  area  of 
slight  relief  the  topography  is  rugged,  the  surface  exhibiting  steep- 
sided  valleys  separated  by  narrow  divides.  Rock  terraces  which  lie 
slightly  below  the  level  of  the  upland  border  Licking  River  and  its 
South  Fork,  and  other  terraces  just  above  the  level  of  these  streams 
were  observed  at  several  localities. 

licking  River  forms  part  of  the  eastern  boimdary  of  the  coimty, 
and  the  South  Fork  of  the  Licking  flows  northward  through  the  cen- 
ter of  it.  Beaver  Creek  is  the  only  large  tributary  of  Licking  River 
in  this  county.  The  greater  part  of  the  drainage  is  to  the  South 
Fork,  which  receives  a  number  of  large  tributaries,  the  most  impor- 
tant being  Coopers  Run,  Grays  Run,  and  Townsend,  Twin,  Crooked, 
and  Indian  creeks. 

GEOLOGT   AND   UNDERGROUND   WATERS. 
UNCONSOLIDATED  HATBRIALS. 

The  residual  soils  of  Harrison  County  consist  of  loams  on  the 
areas  of  Lexington  and  Winchester  limestones  and  clays  on  the  Eden 
shale.  The  loams  have  an  average  thickness  of  about  3  feet,  but 
the  clays  are  in  most  places  thin.  These  soils  yield  water  only  where 
they  rest  on  dense  shales. 

A  deposit  of  sandy  alluvium,  10  to  20  feet  thick,  is  foimd  in  many 
places  on  the  rock  terraces  bordering  the  river  and  supplies  an  abun- 
dance of  water  for  shallow  wells.  On  the  upper  terrace  are  narrow 
deposits  of  the  sandy  alluvium  belonging  to  the  Irvine  formation, 
which  furnish  small  quantities  of  water  in  some  localities;  but  the 
Irvine  is  not,  as  a  rule,  an  important  water-bearer. 

CONSOLIDATED   MATERIALS. 

The  Lexington  limestone  is  exposed  along  the  valleys  of  Licking 
River  and  its  South  Fork  and  over  much  of  the  area  of  rolling  topogra- 
phy of  the  upland,  and  where  it  forms  the  surface  rock  it  yields  an 
abundance  of  water  for  springs  and  wells.  Where  it  is  reached  below 
the  levels  of  the  surface  drainage,  however,  it  may  supply  salt- 
sulphur  waters,  such  as  are  obtained  by  many  of  the  drilled  wells  in 
this  formation. 

The  Winchester  limestone  is  exposed  in  a  narrow  band  bordering 
the  Lexington  outcrops  and  furnishes  moderate  quantities  of  hard 
water.  In  the  southwestern  part  of  the  county  this  limestone  sup- 
plies some  salt-sulphur  water  in  springs  and  shallow  wells.  A  well 
sunk  near  Smitsonville  obtained  a  weak  flow  of  sulphur  water  in  this 
formation.  The  water  rises  about  4  feet  above  the  surface,  and  the 
well  yields  less  than  1  gallon  per  minute. 
88942— IRB  233-09 9 
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The  Eden  shale  appears  at  the  surface  on  the  upland  near  the  west- 
em  boundary  of  the  county,  where  it  occupies  a  strip  nearly  10  miles 
wide,  and  also  on  the  divide  between  Licking  River  and  its  South 
Fork.  It  suppUes  small  quantities  of  water  for  springs  and  shallow 
wells,  but  none  for  deep  wells. 

The  Highbridge  Umestone  is  not  exposed  in  Harrison  County,  and 
wells  sunk  to  it  would  probably  obtain  only  highly  mineralized  water. 

Wells  drilled  to  the  St.  Peter  sandstone  would  probably  procure 
flowing  water  in  some  parts  of  the  valley  of  the  South  Fork  of  the 
Licking,  but,  as  elsewhere  in  the  region,  the  quaUty  of  the  water 
would  imfit  it  for  ordinary  uses. 

DOMESTIC    WATER   SUPPLIES. 

Dug  or  drilled  wells  and  cisterns  are  used  to  obtain  water  for 
domestic  purposes  in  this  county.  Few  of  the  shallow  wells  exceed  35 
feet  in  depth,  and  the  amoimt  of  water  which  they  yield  depends  on 
the  nature  of  the  rock  in  which  they  are  dug.  Drilled  welfa  which 
yield  water  enough  for  a  farm  are  common  in  many  localities.  The 
quality  of  the  water  varies  with  the  depth  of  the  well,  many  of  the 
shallower  wells  obtaining  hard  water  and  the  deeper  wells  sulphur 
water.  The  depth  to  the  sulphur  water  varies,  however,  with  the 
location  of  the  wells,  being  about  50  feet  in  the  valleys  and  over  100 
feet  on  the  hills.  In  areas  where  the  Eden  shale  forms  the  surface 
rock  cisterns  form  the  principal  source  of  supply. 

HENRY  COUNTY. 
SURFACE  FEATUBES. 

Henry  Coimty  lies  near  the  western  edge  of  the  Blue  Grass  region, 
south  of  Kentucky  River,  whose  gorge  here  presents  two  steep 
slopes  separated  by  a  rock  terrace  at  an  elevation  of  about  500  feet 
above  sea  level.  Near  the  Kentucky  gorge  the  surface  of  the  upland 
is  deeply  dissected  by  many  small  streams  and  is  practically  all 
reduced  to  slopes.  Most  of  the  divides  are  but  a  few  rods  wide,  and 
the  intervening  valleys  are,  as  a  rule,  narrow  and  steep  sided.  A  few 
miles  back  from  the  Kentucky  the  surface  is  gently  rolling,  with  shal- 
low valleys  and  rounded  divides,  and  topography  of  this  type  prevails 
throughout  a  large  part  of  the  county.  The  range  in  altitude  within 
the  county  is  about  200  feet. 

Nearly  all  of  the  drainage  of  Henry  County  passes  into  Kentucky 
River,  which  receives  the  waters  of  three  streams  of  considerable  size — 
Mill,  Sixmile,  and  Drennon  creeks — and  of  many  small  tributaries. 
Streams  flowing  to  Salt  River  drain  a  small  area  near  the  southern 
boundary  of  the  county,  and  the  drainage  of  an  area  along  the  western 
boundary  of  the  county  enters  Harrods  Creek  and  Little  Kentucky 
River,  whose  principal  tributary  in  Henry  County  is  Sulphur  Creek. 
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GEOLOGY   AND  UNDERGROUND   WATERS. 

UNCONSOUDATED  MATERIALS. 

The  residual  soils  of  Henry  County  are,  as  a  rule,  heaTy  clays  on  the 
areas  underlain  by  Eden  shale,  but  on  the  other  formations  they  are 
lighter  and  in  some  localities  they  are  loamlike  in  texture.  The  soils 
yield  moderate  quantities  of  water  only  where  they  rest  on  the  Eden 
shale. 

Strips  of  alluvium,  consisting  of  sand  containing  some  layers  of 
gravel,  occur  in  the  gorge  of  Kentucky  River,  and  in  some  places  a 
thin  layer  of  alluvium  also  rests  on  the  rock  terrace  which  borders 
the  river.  It  is  evident  that  these  isolated  patches  represent  the 
eroded  remnants  of  a  deposit  which  once  covered  the  terrace.  The 
alhivium  of  the  Kentucky  gorge  supplies  some  good  springs  along  the 
river,  and  it  would  doubtless  yield  an  abundance  of  water  for  wells. 
Some  of  the  springs  at  Drennon  Springs  rise  through  this  alluvium, 
but  the  water  is  probably  derived  from  the  Lexington  or  Winchester 
Umestone. 

CONSOUDATED  MATERIALS. 

The  Lexington  hmestone  imderlies  the  terrace  which  borders  Ken- 
tucky River  and  is  exposed  in  the  gorge  of  the  river  from  the  Franklin 
County  line  to  Drennon  Springs,  occupying  the  lower  parts  of  the 
gorge  and  rising  to  about  the  level  of  the  terrace  along  the  valley  for 
some  distance  north  of  the  southern  line  of  the  county.  It  contains 
numerous  sink  holes  and  suppUes  several  large  springs  of  hard  water. 
A  short  distance  back  from  the  river  this  Umestone  dips  under  the 
yoimger  formations,  and  where  it  is  thus  covered  it  will  yield  no  fresh 
water.  In  some  places  in  this  county  both  the  Lexington  and  High- 
bridge  limestones  yield  salt-sulphur  waters  when  penetrated  by  deep 
wells. 

The  Winchester  limestone  lies  above  the  Lexington  and  extends  a 
short  distance  farther  down  the  stream,  but  it  is  exposed  only  in  the 
gorge  of  the  Kentucky  and  the  lower  parts  of  some  of  its  tributaries 
and  does  not  rise  to  the  level  of  the  upland.  In  the  areas  of  its  out- 
crop it  yields  moderate  quantities  of  hard  water,  but  elsewhere  in  the 
county  it  may  yield  mineral  waters. 

The  Eden  shale  outcrops  on  a  small  area  of  the  upland  near  Ken- 
tucky River  and  extends  some  distance  back  from  the  river  along  the 
principal  streams.  Where  it  lies  at  the  surface  it  suppUes  moderate 
quantities  of  water  for  springs  and  shallow  wells,  but  over  a  large  part 
of  the  county  it  is  buried  beneath  the  rocks  of  the  Maysville  formation 
and  will  yield  practically  no  water. 

The  Maysville  and  Richmond  formations  are  found  over  a  large 
part  of  the  upland,  underlying  nearly  all  of  the  area  of  rolling  topog- 
raphy, and  they  supply  water  for  many  perennial  springs.     Sufficient 
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water  for  a  farm  can  generally  be  obtained  by  wells  25  to  50  feet  deep. 
A  few  unsuccessful  deep  wells  have  been  drilled  in  Henry  Coimty. 

Near  the  western  Une  of  the  county  is  a  narrow  ridge  which,  is 
underlain  by  the  blue  shales  and  yellow  magnesian  Umestones  of  the 
Panola  formation.  Because  of  the  small  area  of  its  outcrop  the  Panola 
is  not  important  as  a  source  of  undergroimd  water. 

The  St.  Pet6r  sandstone  will  supply  flowing  wells  in  the  gorge  of 
Kentucky  River.  The  water  will  be  of  the  highly  mineralized  type 
usual  in  this  formation. 

STRUCTURAL  FEATURES. 

The  rocks  of  Henry  have  a  general  northwesterly  dip  of  a  few  feet 
to  the  mile,  which  was  produced  by  the  arching  that  formed  the  Jessa- 
mine dome.  The  uplift  api>ears  not  to  have  been  accompanied  by 
any  great  amount  of  local  disturbance  in  this  coimty,  though  some 
minor  folds  and  displacements  have  been  observed  at  Drennon 
Springs. 

DOMESTIC   AND   INDUSTRIAL   WATER   SUPPLIES. 

Henry  County  has  a  number  of  *' never-failing''  springs,  but  few  of 
them  are  large.  Springs  are  commonly  used  for  stock,  but  some  of 
them  also  serve  household  purposes.  At  Drennon  Springs,  an  impor- 
tant health  resort  located  on  Kentucky  River,  the  most  important 
are  the  sulphur  and  salt-sulphur  springs.  Both  black  and  white 
sulphur  springs  are  reported.  At  Eminence  a  chalybeate  spring 
supplies  a  moderate  quantity  of  water. 

Most  of  the  wells  of  Henry  County  are  shallow,  ranging  from  20  to 
35  feet  in  depth.  Such  wells  form  a  satisfactory  source  of  water  for 
domestic  use  only  when  they  are  carefully  guarded  from  pollution. 
Considerable  water  is  used  from  these  shallow  wells  both  in  the  towns 
and  in  the  country.  The  few  deep  wells  drilled  in  Henry  County 
have  not  been  very  successful. 

Both  Eminence  and  Newcastle  could  procure  surface  water  for 
municipal  supplies  by  constructing  reservoirs  on  small  streams, 
but  underground  supplies  of  suitable  quality  are  not  available. 
This  sh6uld  not,  however,  be  considered  a  misfortune,  for  a  careful 
comparison  of  the  best  surface  and  underground  supplier  of  the 
region  indicates  that  the  surface  waters  are  more  desirable  than  those 
derived  from  either  springs  or  wells. 

JESSAMINE  COUNTY. 
SURFACE   FEATURES. 

Jessamine  Coimty  lies  in  the  great  bend  of  Kentucky.  River  near 
the  southern  border  ojF  the  Blue  Grass  region.  Its  surface  is  gently 
rolling  except  near  the  southern  and  western  boundaries,  where  the 
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Kentucky  and  its  tributaries  have  cut  deep  channels,  and  altitudes 
range  from  less  than  500  feet  above  sea  level  in  the  Kentucky  gorge 
to  over  1,000  feet  in  the  highest  parts  of  the  upland.  Where  the 
stieams  cross  the  limestone  formations  the  walls  of  their  valleys  are 
generally  nearly  perpendicular,  but  where  they  flow  through  shales 
and  shaly  limestones  the  slopes  are  gentler. 

The  drainage  of  the  coimty  reaches  Kentucky  River  through 
Hickman  and  Jessamine  creeks  and  several  smaller  streams,  and 
a  small  area  in  the  northern  part  of  the  coimty  is  drained  by  the 
southern  branches  of  Clear  Creek,  which  imites  with  the  Kentucky 
in  Woodford  County.  All  the  streams  flow  in  deep  narrow  gorges 
and  have  very  high  gradients,  making  the  descent  from  the  upland 
to  the  river  within  a  few  miles. 

GEOLOGY  AND  UNDERGROUND   WATERS. 
UNCONSOLIDATED  MATERIALS. 

The  upland  of  Jessamine  County  is  covered  by  a  mantle  of  yellow 
or  brownish-red  xmconsolidated  material  which  has  been  formed  by 
the  decomposition  of  the  underlying  rock.  On  limestone  areas  this 
material  has  th^  texture  of  a  loam,  but  on  areas  where  the  original 
rock  contained  a  large  proportion  of  shale  it  is  chiefly  a  dense  clay. 
Although  the  residual  clay  has  in  some  places  a  thickness  of  20  feet 
or  even  more,  its  average  thickness  probably  does  not  exceed  5  or  6 
feet.  The  soils  furnish  little  water  directly  to  wells,  but  they  have  a 
high  storage  capacity  and  feed  their  supply  of  water  slowly  to  the 
CTevices  in  the  underlying  rock.  The  loam  stores  less  water  than 
the  clay,  but  it  generally  contains  some  free  water  which  is  available 
for  the  underground  channels. 

Sandy  alluvium  occurs  in  narrow  strips  along  Kentucky  River 
and  yields  water  for  numerous  springs.  It  would  doubtless  also 
furnish  an  abimdance  of  water  for  wells. 

CONSOLIDATED  MATERIALS. 

The  apex  of  the  Jessamine  dome  is  located  in  this  county,  and 
the  oldest  rocks  of  the  region  are  exposed  at  Camp  Nelson,  where 
Kentucky  River  passes  near  the  crest  of  the  dome.  These  rocks 
belong  to  the  lowest  division  of  the  Highbridge  limestone.  The 
entire  thickness  of  the  Highbridge  in  Jessamine  County  is  about  400 
feet,  and  the  exposures  are  restricted  to  the  valleys  of  Kentucky 
River  and  its  principal  tributaries.  The  Highbridge  furnishes  large 
quantities  of  hard  water  to  springs  and  to  most  of  the  shallow  wells, 
but  deep  wells  and  a  few  of  the  shallow  ones  obtain  either  salt  or 
salt-sulphur  water. 

The  Lexington  limestone  forms  the  surface  rock  over  the  greater 
part  of  the  county,  overlying  the  Highbridge  limestone  without 
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apparent  unconformity.  The  maximum  thickness  of  this  limestone 
is  about  200  feet,  but  the  thickness  over  a  large  part  of  Jessamine 
County  probably  falls  much  below  the  maximum.  Where  it  out- 
ct'ops  at  the  surface  it  contains  many  undergroimd  channels  sjid 
large  quantities  of  hard  water.  Nearly  all  of  the  springs  and  shallow 
wells  over  a  large  part  of  the  coimty  north  of  Hickman  Creek  are 
supplied  with  water  from  this  limestone.  The  wells  which  penetrate 
this  formation  below  the  level  of  the  surface  drainage  as  a  rule  find 
salt  or  salt-sulphur  waters. 

The  Winchester  limestone  is  exposed  along  the  Kentucky  River 
gorge  and  on  the  south  side  of  Hickman  Creek,  in  the  southern  part 
of  the  county,  and  occupies  a  long  narrow  strip  and  several  isolated 
patches  on  the  upland  in  the  northeastern  part  of  the  coimty.  Where 
it  is  at  the  surface  it  yields  moderate  quantities  of  hard  water  to 
springs  and  shallow  wells.  In  the  southern  part  of  the  county  it 
would  be  penetrated  only  by  deep  wells  which  would  be  apt  to  obtain 
salt  and  sulphur  waters. 

The  Eden  shale  occurs  over  a  large  part  of  the  upland  between 
Hickman  Creek  and  Kentucky  River,  and  appears  also  as  a  small 
isolated  patch  in  the  northeastern  part  of  the  county.  In  this 
county  the  upper  portion  of  the  Eden  consists  of  sandy  shales  and 
sandstones,  which  were  mapped  as  the  Garrard  sandstone  by  the 
early  workers  of  the  Kentucky  Geological  Survey.  The  shale  beds 
of  the  Eden  furnish  little  water,  but  some  of  the  limestones  contain 
crevices  which  supply  small  quantities  of  moderately  hard  water  for 
wells  and  springs.  Some  water  ia  also  obtained  at  the  contact  of  the 
residual  clay  with  the  underlying  rock.  The  Garrard  sandstone 
member  of  the  Eden  is  in  most  places  not  porous  enough  to  yield 
much  water,  but  the  residual  soil  formed  from  it  locally  furnishes 
considerable  soft  water  for  both  wells  and  springs. 

The  St.  Peter  sandstone  will  supply  flowing  wells  in  the  valleys 
of  the  large  streams  north  of  the  Kentucky  River  fault  in  this  county. 
On  the  upland  the  water  will  not  reach  the  surface,  as  the  head  is 
only  sufficient  to  cause  the  water  to  reach  an  altitude  of  about  590 
feet  above  sea  level.  South  of  the  Kentucky  River  fault  few  wells 
have  been  drilled  to  the  St.  Peter,  and  definite  information  as  to  the 
head  of  the  water  encountered  by  these  wells  is  not  available.  It 
appears  probable  that  the  faulting  has  produced  a  displacement  of 
the  St.  Peter  which  might  interrupt  the  movement  of  the  water. 

STRUCTURAL   FEATURES. 

The  only  marked  structural  feature  in  this  county  is  the  Kentucky 
River  fault,  which  extends  along  the  valley  of  Hickman  Creek,  in  the 
southern  part  of  the  coimty.    There  are  really  two  faults,  one  enter- 
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ing  near  the  southeast  comer  of  the  county  and  extending  south- 
westward  nearly  to  its  western  boundary,  and  another  beginning  a 
few  miles  south  of  this  first  fault  and  running  southwestward  into 
Garrard  County.  The  maximum  displacement  along^  these  faults  is 
probably  about  400  feet.  At  one  point  near  the  southeast  comer 
of  the.county  it  was  sufficient  to  bring  the  Garrard  sandstone  member 
of  the  Eden  shale  into  contact  with  the  Highbridge  limestone. 

UNDEBGBOUND  DRAINAGE. 

The  presence  of  caverns  along  Kentucky  River  and  numerous 
sink  holes  and  springs  on  the  upland  indicate  that  the  imderground 
drainage  is  very  extensive.  Some  of  the  sink  holes  are  several  acres 
in  extent,  and  many  of  the  springs  give  rise  to  streams  of  considerable 
size.  The  large  springs,  as  a  rule,  emerge  at  the  heads  of  small  gullies 
rather  than  along  the  river.  This  peculiar  location  of  the  springs  b 
explained  by  the  fact  that  the  gully  represents  merely  the  portion 
of  the  imdergroimd  channel  where  the  roof  has  fallen.  Sinking 
Creek,  in  the  northeastern  part  of  the  cotmty,  affords  an  excellent 
example  of  a  surface  stream  which  enters  an  undergroimd  passage. 

DOMESTIC   AND   INDUSTRIAL  WATER  SUPPLIES. 

Springs  and  dug  or  drilled  wells  supply  water  for  domestic  and  indus- 
trial purposes.  One  of  the  largest  of  the  many  large  springs  is  Over- 
street's,  which  supplies  water  enough  to  run  a  small  mill,  and  another 
large  spring  is  utilized  at  Union  Mills. 

Dug  wells  are  numerous,  but  they  are  not  extensively  used.  Drilled 
wells  have  been  successful  in  some  localities,  but  a  niunber  of  dry 
holes  are  reported  at  NicholasviUe,  Keene,  and  Wilmore.  Many  of 
the  drilled  wells  have  found  sulphur  water  at  depths  of  50  feet  or 
more,  but  the  amoimt  of  sulphur  is  commonly  not  great  enough  to 
render  the  water  imfit  for  domestic  use.  At  Union  Mills  a  well  sunk 
in  the  Highbridge  limestone  to  a  depth  of  283  feet  obtained  a  little 
fresh  water  between  30  and  40  feet  below  the  surface  and  several 
supplies  of  salt-sulphur  water  at  greater  depths.  At  200  feet  the 
driller  reported  a  stream  of  this  water  which  was  strong  enough  to 
remove  the  pulverized  rock  produced  in  drilling. 

Nicholasville  has  the  only  mimicipal  supply  in  the  coimty.  The 
water,  which  is  taken  from  wells  located  on  the  edge  of  a  reservoir, 
probably  comes  in  part  from  the  reservoir.  The  wells  were  simk 
because  some  of  the  consumers  objected  to  the  surface  water,  but  the 
installation  of  a  filtering  plant  would  probably  have  been  a  greater 
improvement. 
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KENTON  COUNTY. 
SURFACE   FEATURES. 

Kenton  County  occupies  a  long,  narrow  area  in  the  northern  part  of 
the  Blue  Grass  r^on,  extending  northward  to  Ohio  River  and  east- 
ward to  Licking  River.  Its  surface  is  a  plateau  which  has  been  deeply 
trenched  by  the  tributaries  of  the  Ohio  and  Licking  rivers,  and  the 
upland  areas,  which  are  comparatively  level,  rise  to  a  height  of  900 
feet  above  tide,  or  more  than  500  feet  above  the  Ohio. 

The  northwestern  comer  of  the  coimty  drains  into  the  Ohio  through 
Dry  Creek  and  several  other  small  streams.  Bank  Lick  Creek,  which 
flows  diagonally  across  the  northern  part  of  the  coimty  and  enters 
Licking  River  at  Latonia,  receives  the  draniage  of  the  central  part  of 
the  county,  and  the  southern  end  of  the  area  drains  to  Licking  River 
through  Cruises  and  Grassy  creeks  and  several  smaller  streams.  All 
of  these  streams  have  high  gradients,  most  of  them  making  the  descent 
firom  the  uplands  to  the  rivers  within  a  few  miles. 

-  -  -GEOLOGY   AND   UNDERGROUND   WATERS. 

UNCONSOLIDATED  HATEBIAL8. 

A  thin  mantle  of  unconsolidated  material  covers  the  rock  forma- 
tions. Near  the  Ohio  this  loose  material  is  of  glacial  age  and  con- 
sists in  part  of  sand  and  in  part  of  clay,  containing  fragments  of  lime- 
stone and  other  rocks.  Resting  on  the  glacial  drift  are  2  or  3  feet  of 
loess-like  silt,  which  is  also  of  glacial  age.  On  the  upland  the  glacial 
drift  has  an  average  thickness  of  less  than  10  feet  and  a  maximum 
thickness  of  about  20  feet.  In  the  Licking  Valley,  near  Latonia,  the 
drift  appears  to  be  somewhat  thicker  than  on  the  upland.  Although 
the  sands  of  the  glacial  drift  are  of  small  extent,  they  would  probably 
yield  some  water  for  shallow  wells  at  a  few  localities.  The  bowlder 
clay  and  the  overlying  silt  do  not  yield  water  directly  to  wells,  but  they 
are  sufficiently  porous  to  absorb  some  water  which  they  feed  to  the 
imderlying  rocks. 

South  of  the  area  of  glacial  drift  the  unconsolidated  material  con- 
sists of  yellowish  or  reddish  clay,  in  most  places  less  than  5  feet  thick, 
derived  from  the  imderlying  rock.  This  clay  is  porous  enough  to 
absorb  considerable  moisture,  but  it  does  not  aflford  sufficient  water 
at  any  one  place  to  supply  a  well. 

The  alluvium  of  Kenton  Coimty  consists  of  terraces  of  sand  and 
gravel  along  Ohio  River,  which  rise  to  a  maximimi  height  of  about 
550  feet  above  sea  level.  The  thickness  of  these  and  similar  deposits 
along  Licking  River  is  from  80  to  120  feet,  and  they  yield  large  quan- 
tities of  water  at  depths  of  60  to  110  feet.  The  water  is  moderately 
hard,  and  in  the  vicinity  of  Covington  contains  some  sulphiu*.     This 
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sulphur  may  be  supplied  by  the  decomposition  of  the  organic  matter 
in  the  alluviimi  or  by  the  sulphur  water  which  comes  from  the  rocks 
which  form  the  floor  of  the  valley.  The  alluyiimi  in  the  Licking  Valley 
should  have  a  thickness  of  30  to  50  feet,  but  few  wells  have  been  simk 
in  this  deposit  and  its  exact  thickness  is  xmknown.  In  other  parts  of 
the  Blue  Grass  region  similar  deposits  yield  large  quantities  of 
moderately  hard  water. 

CONSOLIDATBD  MATBRIALS. 

The  oldest  rocks  in  Kenton  Coimty  outcrop  in  the  channel  of  the 
Ohio  between  Covington  and  Ludlow.  The  exposure  consists  of 
about  50  feet  of  interbedded  limestones  and  shales,  at  the  top  of  which 
is  a  wave-formed  bed  of  limestone  containing  fragments  derived  from 
the  underlying  rock.  These  interbedded  limestones  and  shales  are 
believed  by  E.  O.  Ulrich  to  be  the  equivalents  of  the  lower  part  of  the 
Lexington  limestone.  Over  all  the  upland  portion  of  the  coimty  the 
Lexington  and  Highbridge  limestones  are  deeply  covered  by  younger 
formations,  and  imder  such  conditions  they  supply  only  salt  water, 
which  will  in  some  places  be  sulphurous. 

Above  the  Lexington  limestone  and  occupying  the  lower  slopes  of 
the  valleys  are  about  300  feet  of  dark-colored  shale  belonging  to  the 
Eklen  formation.  This  shale  supplies  practically  no  water  for  wells, 
though  small  quantities  of  water  are  in  some  places  obtained  from  the 
talus  which  rests  on  the  valley  slopes. 

The  upland  is  imderlain  by  rocks  belonging  to  the  Maysville  forma- 
tion. Li  the  southwestern  and  northern  parts  of  the  county  these 
rocks  are  shaly  and  supply  only  small  quantities  of  water,  but  else- 
where the  uplands  are  capped  by  limestone  beds  of  the  formation, 
which  fiunish  ample  supplies  of  water  for  farm  use.  The  numerous 
springs  found  on  the  upland  derive  their  water  from  these  limestone 
beds.  Along  Ohio  River  the  springs  emerge  near  the  tops  of  the  bluflfs, 
where  the  limestone  layers  rest  on  beds  of  shale. 

Li  this. coimty  the  St.  Peter  sandstone  lies  800  or  900  feet  below 
the  surface  in  the  Ohio  Valley  and  1,300  to  1,400  feet  below  the  sur- 
face of  the  uplands.  It  yields  a  strong  salt-sulphur  water,  which 
will  rise  to  the  surface  in  places  having  an  altitude  of  590  to  600 
feet  above  sea  level.  Wells  drilled  in  this  formation  at  Covington 
and  Latonia  obtained  good  flows. 

DOMESTIC   AND   INDUSTRIAL   WATER   SUPPLIES. 

Dug  wells  are  still  used  extensively  in  Kenton  Coimty;  in  many 
of  them  the  supply  is  augmented  by  permitting  rain  water  from  the 
roof  to  flow  into  the  well.  In  some  instances  water  is  hauled  from 
a  nearby  spring  and  poured  into  the  well.    Cisterns  are  an  important 
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source  of  water  for  domestic  purposes,  and  they  are  gradually  sup- 
planting the  wells. 

No  deep  wells  have  been  drilled  on  the  upland,  but  driven  and 
drilled  wells  are  numerous  in  the  Ohio  Valley.  These  wells  range  in 
depth  from  about  90  to  120  feet  and  procure  large  supplies  of  water 
for  domestic  and  industrial  uses.  Here,  as  elsewhere  in  the  valley  of 
the  Ohio,  the  water  near  the  river  is  apt  to  contain  less  inorganic 
matter  than  at  some  distance  from  the  stream.  Water  for  city 
supplies  is  obtained  from  Ohio  River  and  is  regarded  as  satisfactory 
for  most  purposes. 

MADISON  COUNTY. 
SURFACE   FEATURES. 

Madison  Coimty  is  situated  on  the  south  side  of  Kentucky  River 
in  the  extreme  southern  part  of  the  Blue  Grass  region.  A  large  part 
of  the  county  is  a  broad  plateau,  deeply  cut  by  narrow,  steep-sided 
valleys  near  Kentucky  River  and  along  the  western  botmdaiy. 
In  the  central  part  of  the  county  is  a  belt,  5  to  10  miles  wide,  in  which 
stream  valleys  are  shallow  and  the  surface  is  gently  rolling.  The 
extreme  southern  part  of  the  coimty  includes  a  rugged  area,  charac- 
terized by  irregular  ridges  rising  nearly  500  feet  above  the  level  of  the 
plateau  and  separated  by  broad,  level-floored  valleys.  The  slopes  of 
many  of  these  moimtains  are  so  precipitous  that  their  ascent  is  very 
difficult. 

The  drainage  of  Madison  County  goes  to  augment  Kentucky  River. 
Red  River,  which  receives  the  drainage  of  the  southeastern  part  of  the 
county,  flows  eastward  and  joins  Station  Camp  Creek,  a  tributary  of 
the  Kentucky,  in  Estill  County.  Paint  Lick,  which  flows  along  the 
western  boimdary  of  the  county,  receives  the  drainage  of  a  narrow 
strip  near  that  boundary.  Silver  and  Tates  creeks  drain  the  western 
and  Otter  and  Muddy  creeks  the  eastern  part  of  the  coimty. 

GEOLOGY   AND   UNDERGROUND   WATERS. 

UNCONSOUDATED  MATERIALS. 

The  imconsolidated  materials  in  Madison  County  consist  of  rather 
dense  clays,  derived  from  the  limestone  and  shale  formations;  of 
loams,  derived  from  the  Garrard  sandstone  member  of  the  Eden  shale 
and  the  sandstone  of  the  Waverly  shale;  and  of  alluvial  sands  and 
gravels  in  the  gorge  of  Kentucky  River. 

The  residual  soils  furnish  a  small  amount  of  water  for  springs  and 
shallow  wells  on  the  areas  imderlain  by  shale,  but  elsewhere  they 
furnish  practically  no  water.  The  alluvial  sands  and  gravels  of  the 
Kentucky  gorge  furnish  an  abundance  of  water  for  springs  along  the 
river  bank,  and  they  would  doubtless  also  furnish  water  for  wells. 
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CONSOLIDATED  MATERIALS. 

The  Highbridge  limestone  is  exposed  along  Kentucky  River  in  the 
four  bends  which  lie  north  of  the  Kentucky  River  fault.  Although 
the  upper  part  of  this  limestone  lies  near  the  top  of  the  gorge,  it 
does  not  extend  out  upon  the  upland.  The  Lexington  limestone  is 
exposed  in  the  same  localities  as  the  Highbridge,  and  it  forms  also 
the  lower  part  of  the  gorge  from  the  last  crossing  of  the  fault  above 
Boone  Ferry  to  the  northwestern  comer  of  the  county,  and  the  lower 
parts  of  the  valleys  of  Silver  Creek  and  Paint  Lick  to  the  vicinity  of 
Cartersbuig.  Both  the  Highbridge  and  Lexington  limestones  supply 
considerable  water  to  springs  and  shallow  wells  in  the  valleys  of  the 
streams;  but  on  the  uplands  they  are  buried  by  yoimger  formations, 
and  imder  such  conditions  they  will  yield  only  salt  or  salt-sulphur 
water. 

The  Winchester  limestone  is  exposed  in  a  narrow  area  siuroimding 
the  Lexington,  but  it  does  not  rise  to  the  level  of  the  upland  except 
near  Kentucky  River.  It  furnishes  moderate  quantities  of  hard 
water  where  it  is  exposed  at  the  surface,  but  where  it  underlies 
younger  formations  its  water  is  generally  brackish  and  somewhat 
sulphurous. 

Outside  the  area  of  the  Winchester  limestone  is  the  Eden  shale, 
its  upper  portion  including  70  to  130  feet  of  sandy  shales  and  sand- 
stone— the  Garrard  sandstone  member.  The  lower  part  of  the  Eden 
outcrops  in  the  valleys  of  the  streams  in  the  northern  and  western 
parts  of  the  coimty,  and  the  Garrard  sandstone  member  reaches  the 
level  of  the  upland  in  the  same  areas.  The  Eden  shale  s^pplies  small 
quantities  of  water  for  springs  and  shallow  wells,  but  deep  wells  do 
not  as  a  rule  obtain  water  in  this  formation..  The  Garrard  sand- 
stone member  supplies  more  water  than  the  shale  member,  but  it 
contains  so  large  a  proportion  of  clay  that  it  is  imimportant  as  a 
water  horizon. 

The  Maysville  formation  underlies  a  large  part  of  the  rolling  sur- 
face of  the  upland.  East  of  Richmond  some  of  the  higher  hills  are 
capped  by  about  50  feet  of  green  sandy  shales,  which  may  represent 
the  Richmond  formation.  The  limestone  beds  of  the  Maysville 
present  favorable  conditions  for  the  occurrence  of  moderate  quantities 
of  water,  but  conditions  somewhat  less  favorable  are  afforded  by  the 
Richmond  rocks.  A  number  of  good-sized  springs  occur  in  the 
limestones  of  the  Maysville,  and  shallow  wells  are  ordinarily  suc- 
cessful in  both  the  Maysville  and  Richmond  formations. 

The  blue  shales  and  heavy-bedded  yellow  limestones  of  the  Panola 
formation,  as  mapped  by  Campbell,**  occupy  considerable  areas  in  the 
eastern  and  southern  parts  of  the  coimty.    The  shales  of  the  lower  part 

aCampbeU,  M.  R.,  Richmond  folio  (No.  46),  Oeol.  Atlas  U.  8.,  U.  8.  Qeol.  Survey,  ises. 
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of  the  Panola  supply  practically  no  water,  but  the  Ihnestone  beds 
generally  furnish  enough  water  for  domestic  use.  As  the  limestones 
of  this  formation  are  magnesian,  much  of  the  water  contains  magnesia. 

The  Ohio  shale,  which  in  this  county  has  a  thickness  of  110  to  150 
feet,  is  exposed  in  many  places  above  the  limestones  of  the  Panola 
formation  and  it  generally  rims  the  mountains.  It  suppUes  an  abund- 
ance of  highly  mineralized  water  for  springs  and  shallow  wells,  the 
most  common  types  being  alum,  sulphiu*,  and  chalybeate  waters. 

The  sandy  beds  at  the  top  of  the  Waverly  shale,  which  caps  the 
moimtains  in  the  southern  part  of  the  county,  yield  an  abundance  of 
soft  water,  and  niunerous  springs  emerge  from  these  sandstones  where 
they  rest  on  the  shale  beds. 

Along  the  southern  line  of  the  county  is  a  small  and  unimportant 
area  of  later  Mississippian  limestone. 

The  St.  Peter  sandstone  underlies  the  entire  coimty  and  wiU 
probably  supply  flowing  weUs  in  the  gorge  of  Kentucky  River  north 
of  the  large  fault.  It  is  possible  that  a  flow  might  also  be  obtained 
in  some  of  the  deeper  stream  valleys  south  of  the  fault.  The  water 
from  this  formation  is  so  highly  charged  with  salt  and  sulphur  that 
it  is  unfit  for  ordinary  uses. 

STRUCTURAL  FEATURES. 

The  rocks  of  Madison  County  dip  gently  toward  the  southeast  and 
present  no  important  structural  features  except  the  faults  which  have 
produced  displacements  of  the  Ordovician  formations.  The  major 
fault  of  the  region — the  Kentucky  River  fault — crosses  the  northern 
part  of  the  coimty.  Kentucky  River  crosses  this  fault  eight  times 
on  the  northern  boundary  of  the  county,  and  thus  the  fault  plane  is 
alternately  in  Madison  and  Clark  counties.  The  maximiun  displace- 
ment in  Madison  County,  as  given  by  Campbell**  is  400  feet,  and  this 
has  brought  the  Highbridge  limestone  to  the  same  altitude  as  the 
Garrard  sandstone  member  of  the  Eden  shale.  The  Richmond  folio 
shows  also  two  small  faults  in  the  southern  part  of  the  coimty  which 
are  roughly  parallel  to  the  direction  of  the  Kentucky  River  fault. 
East  of  Richmond  is  a  fault  which  is  almost  at  right  angles  to  the 
other  faults  of  the  region.  None  of  these  faults  are  of  great  magni- 
tude, the  maximum  displacement  having  brought  the  Ohio  shale 
into  contact  with  the  limestone  of  the  Maysville  formation. 

WATER   FOR  DOMESTIC   AND   INDUSTRIAL  USES. 

Both  surface  and  underground  waters  are  used  in  Madison  Coimty. 

Richmond  obtains  its  water  supply  from  a  small  stream.    Attempts 

to  get  water  by  drilling  wells  in  the  city  have  not  been  successful. 

aCampbeU,  M.  R.»  Richmond  folio  (No.  46),  Qeol.  Atlas  U.  S.,  U.  S.  Geol.  Sonrey,  1896. 
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>tie  -well,  sunk  to  a  depth  of  nearly  1,800  feet,  is  said  to  have 
>btained  water  highly  charged  with  sulphur. 

Many  good  springs  are  found  in  various  parts  of  the  county. 
Between  Kentucky  River  and  Richmond  and  for  some  distance  east- 
ward most  of  the  springs  yield  moderately  hard  water.  Sulphur 
springs  occur  at  Boonesboro  and  at  various  points  in  the  area  of  the 
Ohio  shale,  and  this  shale  also  furnishes  springs  of  epsom,  alum,  and 
chalybeate  water.  Springs  of  soft  (freestone)  water  are  found  near 
Gliiston  and  at  various  points  in  the  mountains,  and  Berea  College 
has  an  excellent  water  supply  derived  from  such  springs. 

Dug  wells  20  to  35  feet  deep  are  conmion  on  the  upland,  and  an 
ordinary  well  aflfords  sufficient  water  for  a  household.  Besides  the 
ivells  at  Richmond,  a  number  of  wells  have  been  drilled  at  Berea  and 
Wallacetown.  Few  of  these  wells  exceed  50  feet  in  depth  and  most 
of  them  yield  sulphur  water.  A  few  wells  have  been  drilled  in  other 
parts  of  the  county,  but  these  as  a  rule  have  not  found  large  suppUes 
of  fresh  water. 

MASON  COUNTY. 
SUBFACE   FEATUBES. 

This  coimty  borders  Ohio  River  at  the  eastern  edge  of  the  Blue 
Grass  region.  The  surface  is  a  deeply  dissected  plateau,  with  a  range 
of  altitude  exceeding  450  feet.  The  amount  of  dissection  varies  con- 
siderably, being  greatest  near  the  large  streams  and  diminishing  rap- 
idly a  short  distance  from  these  streams.  In  the  southern  part  of  the 
county  variations  in  altitude  are  smaller  and  the  slopes  gentler,  and 
another  area  of  rolling  topography  occupies  a  strip  several  miles  wide 
between  Maysville  and  Germantown.  In  the  Ohio  Valley  alluvial 
gravels  form  flat  terraces  which  rise  about  80  feet  above  the  river. 

The  northern  part  of  the  county  drains  into  Ohio  River  through 
Limestone  Creek  and  a  number  of  other  small  streams.  The  North 
Fork  of  Licking  River,  which  flows  westward  through  the  central  part 
of  the  county,  receives  the  drainage  of  a  wide  area.  Johnson  Creek, 
a  tributary  of  the  Licking,  receives  several  small  tributaries  from  the 
southern  part  of  the  coimty. 

GEOLOGY   AND  UNDERGROUND   WATERS. 
XTNCONSOLIDATBD  MATERIALS. 

The  upland  of  Mason  County  is  covered  by  a  deposit  of  residual 
material  varying  in  thickness  from  6  to  8  feet  and  in  character  with 
the  nature  of  the  underlying  rock.  On  sandy  shales  the  material  is  a 
loam;  on  denser  shales  a  heavy  clay,  and  on  the  limestones  clay  or 
loam,  as  sand  or  clay  were  prominent  constituents  of  the  original  rock. 
These  residual  materials  furnish  little  water  directly  to  wells,  but  they 
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store  considerable  moisture,  which  they  feed  slowly  to  crevices  in  the 
underlying  rocks. 

The  terraces  of  the  Ohio  Valley  consist  of  80  to  120  feet  of  coarse 
sand  and  gravel.  These  deposits  furnish  an  abundance  of  moderately 
hard  water. 

CONSOLIDATED   MATERIALS. 

The  Winchester  limestone  is  exposed  at  the  foot  of  the  bluff  border- 
ing the  Ohio  Valley  from  the  Bracken  County  line  southward  beyond 
Maysville,  along  the  North  Fork  of  Licking  River,  and  along  some 
of  the  tributaries  of  both  the  Ohio  and  the  Licking.  Where  it  is 
exposed  in  the  valleys  of  the  streams  it  fiumishes,  as  a  rule,  moderate 
quantities  of  hard  water.  Saline  and  sulphur  springs  are  also  foimd 
in  this  formation  at  several  localities.  No  deep  wells  have  been 
drilled  in  the  Winchester  on  the  upland,  but  it  is  quite  certain  such 
welb  would  not  find  fresh  water. 

The  Eden  shale  forms  a  large  part  of  the  valleys  of  the  principal 
streams  and  extends  out  upon  the  upland  in  the  western  part  of  the 
county.  The  formation  is  more  sandy  here  than  in  the  more  northern 
coimties,  but  it  does  not  contain  enough  sand  to  be  classed  as  a  sand- 
stone. It  yields  small  quantities  of  hard  water  to  both  springs  and 
shallow  wells,  but  no  water  to  deep  wells. 

The  Maysville  formation  is  most  typically  developed  in  this 
coimty.  It  forms  the  surface  rock  over  large  areas  and  is  well 
exposed  in  the  vicinity  of  Maysville,  where  the  entire  formation  is 
represented.  The  limestones  of  the  Maysville  as  a  rule  furnish  an 
abundance  of  hard  water  for  springs  and  shallow  wells,  and  the  drilled 
wells  of  the  upland  usually  obtain  water  in  these  rocks. 

The  Richmond  formation  is  at  the  surface  over  a  small  area  extend- 
ing from  Ohio  River  east  of  Maysville  to  the  southern  line  of  the 
county.  In  this  county  the  lower  part  of  the  Richmond  consists  of 
sandy  shales  with  some  thin  beds  of  limestone;  the  upper  partis 
generally  more  calcareous  and  contains  a  number  of  beds  of  limestone. 
The  rocks  of  the  Richmond  supply  less  water  than  those  of  the  Mays- 
ville formation,  but  the  quantity  is  usually  sufficient  for  farm  use. 

The  tops  of  the  highest  ridges  and  hills  in  Mason  County  are 
capped  by  gray  cherty  limestones  and  blue  shales  belonging  to  the 
Panola  formation.  Where  the  shales  are  at  the  surface  this  formation 
yields  only  a  small  supply  of  water,  but  where  the  limestones  are 
exposed  enough  water  for  a  farm  can  usually  be  obtained. 

The  Lexington  and  Highbridge  limestones  and  the  St.  Peter  sand- 
stone are  in  this  county  buried  beneath  younger  formations  and  will 
yield  only  salt  or  salt-sulphur  water.  The  well-known  *^Blue  Lick" 
water  of  the  St.  Peter  should  be  reached  at  a  depth  of  less  than  1,000 
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feet  in  the  Ohio  Valley,  and  it  would  flow  at  the  surface.  Flows  could 
also  be  obtained  in  the  valleys  of  the  smaller  streams  where  the  alti- 
tude of  the  surface  does  not  exceed  580  feet  above  sea  level. 

MERCER  COUNTY. 
SURFACE   FEATURES. 

Mercer  County  is  located  near  the  southwest  comer  of  the  Blue 
Grass  region,  on  the  west  side  of  Kentucky  and  Dix  rivers,  which  here 
flow  in  narrow  gorges  with  perpendicular  walls.  The  difTerence 
between  the  altitude  of  the  Kentucky  and  the  higher  parts  of  the 
upland  is  more  than  400  feet.  Near  the  rivers  the  upland  is  deeply 
trenched  by  a  number  of  small  streams,  but  a  few  miles  back  the 
slopes  become  gentler  and  the  variations  in  altitude  smaller,  as  a 
rule  not  exceeding  100  to  200  feet.  In  the  western  part  of  the  county 
the  siirface  is  more  rugged,  the  slopes  being  moderately  steep  and 
differences  in  altitude  amounting  to  200  feet  or  more. 

The  eastern  edge  of  the  county  drains  into  Kentucky  and  Dix 
rivers  through  a  number  of  small  streams  less  than  5  miles  long.  The 
principal  stream  within  the  county  is  Salt  River,  which,  flowing 
northward,  separates  the  area  of  low  relief  from  that  of  more  rugged 
topography.  This  river,  which  unites  with  the  Ohio  south  of  Louis- 
ville, flows  within  a  few  miles  of  the  Kentucky.  In  this  county  the 
divide  between  the  tributaries  of  the  two  streams  is  in  few  places  more 
than  4  miles  from  the  Kentucky.  The  southwestern  part  of  the  county 
is  drained  by  Chaplin  River,  the  chief  tributary  of  Salt  River  in  the 
Blue  Grass  region. 

GEOLOGY  AND  UNDERGROUND  WATERS. 

UNCONSOLIDATED  MATERIAL. 

The  upland  portion  of  the  county  is  covered  with  a  mantle  of 
residual  material,  which  varies  in  texture  from  a  loam  to  a  clay. 
The  loams  occur  where  the  material  was  derived  from  limestone  and 
the  clay  where  the  original  rock  contained  a  large  amoimt  of  shale. 
The  residual  materials  furnish  very  little  water  for  either  springs  or 
wells,  although  in  general  the  water  conditions  are  more  favorable  in 
localities  where  the  soils  are  loamy  than  where  clays  are  found,  and  in 
a  few  places,  as  at  Harrodsburg,  the  loam  may  supply  considerable 
water  during  a  wet  season. 

Narrow  strips  of  sandy  alluviimi,  which  supply  large  quantities 
of  water  to  springs  on  the  river  bank,  occupy  the  wider  parts  of  the 
gorge  in  the  Kentucky  River  valley.  The  few  wells  that  have  been 
simk  in  this  formation  have  obtained  an  abundance  of  water. 
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CONSOLIDATED  MATERIALS. 

The  Highbridge  limestone  outcrops  in  the  gorges  of  Kentucky  and 
Dix  rivers  and  along  the  lower  coiu'ses  of  some  of  the  tributaries  of 
these  streams,  but  it  does  not  reach  the  level  of  the  upland.  Near 
Highbridge  it  is  about  300  feet  thick,  but  its  northward  dip  carries 
its  lower  portion  below  the  level  of  Kentucky  River  in  this  county, 
and  at  the  northern  boundary  the  thickness  exposed  does  not  exceed 
150  feet.  In  the  river  gorges  and  in  some  of  the  creeks  where  it 
forms  the  surface  rocks  the  Highbridge  furnishes  ordinary  hard  water 
for  springs,  but  wells  which  penetrate  it  below  the  level  of  the  surface 
streams  as  a  rule  encounter  salt  or  sulphurous  waters.  On  the  upland 
this  limestone  lies  from  150  to  500  feet  below  the  surface,  and  wells 
sunk  to  it  will  not  obtain  fresh  water. 

The  Lexington  limestone  outcrops  along  Kentucky  and  Dix  rivers, 
forms  the  surface  rock  on  the  upland  near  these  streams,  and  is  ex- 
posed in  the  valleys  of  Chaplin  and  Salt  rivers  and  over  considerable 
areas  east  and  northeast  of  Harrodsbui^.  Where  it  forms  the  sur- 
face rock  it  appears  to  afford  conditions  unusually  favorable  for 
underground  water;  springs  are  numerous,  very  few  wells  have  been 
unsuccessful,  and  many  of  the  wells  obtain  lai^e  supplies.  Water 
encountered  in  this  limestone  below  the  level  of  the  surface  drainage 
13,  as  a  rule,  salt  and  may  be  sulphurous. 

The  Winchester  limestone  is  found  on  the  highest  parts  of  the 
divide  between  Kentucky  and  Salt  rivers,  where  it  furnishes  an 
abundance  of  hard  water  for  springs  and  shallow  wells,  and  it  also 
yields  small  quantities  of  water  for  springs  and  shallow  wells  in  the 
valleys  of  Chaplin  and  Salt  rivers.  Many  of  the  wells  that  penetrate 
this  limestone  below  drainage  levels  obtain  salt-sulphur  water.  It  is 
probable  that  some  of  the  sulphur  springs  found  in  the  county  come 
from  this  formation. 

The  Eden  shale  outcrops  on  the  divide  west  of  Salt  River,  but  it 
yields  very  little  water  and  this  only  in  small  springs  or  shallow  wells, 
which  are  apt  to  fail  during  dry  weather. 

Near  the  western  edge  of  the  county  is  a  belt  capped  by  rocks 
belonging  to  the  Maysville  formation,  but  they  contain  here  so  large 
an  amount  of  shale  that  they  yield  little  more  water  than  the  Eden 
shale.  Near  the  northwestern  part  of  the  county,  however,  they  fur- 
nish fair  supplies  for  a  number  of  shallow  wells. 

The  St.  Peter  sandstone  underlies  the  county  at  depths  of  from  700 
feet  in  the  gorge  of  Kentucky  River  to  1,100  feet  or  more  on  the  up- 
land, the  depth  being  least  near  the  southeast  comer  of  the  county 
and  diminishing  toward  the  north  and  west.  This  formation  will 
yield  flowing  wells  of  salt-sulphur  water  in  the  gorges  of  Kentucky 
and  Dix  rivers  and  of  some  of  the  other  streams  at  altitudes  of  less 
than  580  feet  above  sea  level. 
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NICHOLAS  COUNTY. 
SURFACE   FEATURES. 

Nicholas  County  is  situated  in  the  east-central  part  of  the  Blue 
Grass  r^on.  Along  its  western  side  is  a  belt  of  gently  rolling  up- 
land, with  shallow  valleys  and  rounded  interstream  spaces,  but  the 
rugged  topography  of  the  rest  of  the  county  shows  differences  in  alti- 
tude amounting  in  many  places  to  200  to  300  feet,  the  areas  of  level 
land  consisting  of  winding  divides,  as  a  rule,  only  a  few  rods  wide. 

Licking  River,  which  flows  along  the  east  edge  of  the  county,  re- 
ceives the  drainage  of  a  strip  of  land  a  few  miles  in  width,  but  the 
drainage  of  the  greater  part  of  the  county  enters  Hinkston  Creek,  a 
stream  which  forms  part  of  the  southern  boundary.  The  streams  of 
Nicholas  County  are  all  small — few  of  them  exceeding  6  miles  in 
length — and  they  flow  in  narrow  V-shaped  trenches  whose  slopes  are 
in  many  places  too  steep  for  cultivation. 

GEOLOGY  AND  UNDERGROUND  WATERS. 
UNCONdOUDATED  MATERIALS. 

The  residual  materials  of  Nicholas  County  include  heavy  loams  on 
the  Lexington  and  Winchester  limestones  and  heavy  clays  on  rocks 
belonging  to  the  Eden  shale  and  the  Maysville  formations.  These 
soils  furnish  little  water  to  wells  except  where  they  are  underlain  by 
impervious  rocks. 

CONSOUDATED  MATERIALS. 

The  Lexington  and  Winchester  limestones  are  exposed  in  the  valley 
of  Licking  River  and  on  the  upland  near  the  western  edge  of  the 
county,  and  they  underlie  nearly  all  of  the  areas  of  rolling  upland. 
In  the  western  part  of  the  county  they  furnish  an  abundance  of  hard 
water  for  springs  and  shallow  wells;  the  Lexington,  as  a  rule,  yields 
somewhat  more  water  than  the  Winchester,  but  sufficient  water  for  a 
farm  can  be  obtained  from  either  formation.  Wells  sunk  in  these 
formations  below  the  level  of  the  surface  streams  are  apt  to  find  salt- 
sulphur  waters. 

The  Eden  shale  forms  the  surface  rock  over  a  large  part  of  the 
upland  and  furnishes  small  quantities  of  water  for  sprin<]:s  and  shal- 
low wells  but  none  for  deep  wells.  The  water  is  moderately  hard,  but 
is  entirely  satisfactory  for  domestic  use. 

The  Maysville  formation  is  represented  in  Nicholas  County  by  a 
series  of  interbedded  limestones  and  shales  which  cap  the  higher  hills 
in  the  south-central  part  of  the  county.  The  formation,  as  a  rule, 
affords  somewhat  more  favorable  conditions  for  the  occurrence  of 
underground  water  than  the  underlying  Eden  shale,  and  in  this 
88942— IRB  233-09 10 
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county  it  furnishes  moderate  quantities  of  hard  water  for  springs  and 
shallow  wells. 

The  Highbridge  limestone  and  the  underlying  St.  Peter  sandstone 
yield  some  salt-sulphur  water  for  deep-drilled  wells  in  this  county. 
The  St.  Peter  will  supply  flowing  wells  in  the  valley  of  Licking  Creek, 
below  Upper  Blue  Lick  Springs,  where  the  altitude  of  the  river  is  596 
feet  above  sea  level. 

WATEB  FOB  DOMESTIC   AND   INDU8TBIAL  PUBPOSES. 

The  Upper  and  Lower  Blue  Lick  Springs  of  Nicholas  County  fur- 
nish a  large  amount  of  excellent  salt-sulphur  water.  Bottling  works 
have  been  established  at  both  of  these  springs  and  a  great  deal  of  the 
water  is  placed  on  the  market.  At  the  Lower  Blue  Lick  Spring  a 
hotel  has  been  opened  for  the  accommodation  of  those  who  prefer  to 
use  the  water  at  the  spring. 

On  the  upland,  springs  are  of  moderate  size  and  most  of  them  yield 
hard  water.  In  some  localities  they  furnish  water  for  domestic  use, 
but  ordinarily  they  are  used  only  for  stock. 

Dug  wells  15  to  30  feet  in  depth  are  conmion,  but  they  are  little 
used  except  during  dry  weather  when  other  sources  of  supply  fail. 
Drilled  wells  have  been  sunk  at  a  few  localities,  but  they  have,  as  a 
rule,  obtained  water  too  highly  mineralized  for  ordinary  use. 

Carlisle  is  the  only  city  in  the  county  lai^e  enough  to  warrant  the 
installation  of  a  public  supply.  Underground  water  suitable  in  qual- 
ity and  sufficient  in  quantity  is  not  available  for  such  purpose,  but  a 
surface  supply  might  be  obtained  by  constructing  a  reservoir  on  some 
of  the  small  streams  near  the  city.  As  none  of  these  streams  flow 
during  dry  weather,  a  large  reservoir  would  be  needed. 

OLDHAM  COUNTY. 
SURFACE   FEATURES. 

Oldham  County  is  in  the  western  part  of  the  Blue  Grass  region, 
and  Ohio  River  flows  along  its  border.  In  the  southeastern  part  of 
the  county  the  streams  flow  in  shallow,  gently  sloping  valleys,  sepa- 
rated by  rounded  divides  which  in  few  places  exceed  100  feet  in  height. 
Farther  west  the  valleys  are  narrow  and  steep  sided  and  the  inter- 
stream  spaces  are  for  the  most  part  flat.  The  reUef  increases  toward 
Ohio  River,  and  the  descent  from  the  upland  to  the  river  is  in  most 
places  abrupt,  the  difference  in  altitude  between  the  river  and  the 
upland  amounting  to  more  than  350  feet. 

Southeast  of  La  Grange  the  surface  drains  to  Floyds  Fork  of  Salt 
River,  the  principal  tributaries  of  the  stream  in  Oldham  County  being 
East,  North,  and  Rodmans  forks.  Harrods  Creek,  the  chief  tributary 
of  the  Ohio  in  this  county,  heads  in  Henry  County  and  flows  south- 
eastward, joining  the  Ohio  below  the  Oldham  County  line.     The  Ohio 
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also  receives  several  small  tributaries  in  this  county,  the  largest — 
Fatten  Creek — being  less  than  10  miles  long. 

GEOLOGY   AND   UNDERGROUND   WATERS. 
UNCONSOLIDATED  MATERIALS. 

The  western  half  of  the  count}'  is  covered  by  a  few  feet  of  reddish 
till,  contaming  numerous  pebbles  of  chert  and  limestone,  with  occa- 
sional fragments  of  granitic  rock ;  the  eastern  half  is  covered  by  a  thin 
deposit  of  residual  material,  varying  in  texture  from  loam  to  clay. 
The  residual  materials  are  not  important  as  a  source  of  water  for 
either  wells  or  springs.  The  alluvium  of  the  Ohio  Valley  will  furnish 
an  abundance  of  moderately  hard  water  at  depths  of  60  to  100  feet, 
but,  as  many  of  the  people  who  reside  in  the  valley  prefer  cistern 
water,  few  wells  have  been  sunk  in  this  deposit. 

CONSOLIDATED   MATEKLALS. 

Rocks  belonging  to  the  Maysville  and  Richmond  formations  are 
exposed  in  the  valleys  of  all  the  large  streams  and  occupy  consider- 
able areas  on  the  upland  in  the  eastern  and  northern  portions  of  the 
county.  In  the  eastern  part  of  the  county  these  rocks  supply  numer- 
ous springs  and  shallow  wells.  Few  of  the  wells  and  springs  yield 
large  quantities,  but  in  many  localities  the  springs  do  not  fail  even 
in  the  dryest  weather.  The  most  successful  wells  are  less  than  40 
feet  deep.  The  upper  part  of  the  Richmond  formation  in  Oldham 
County  comprises  over  40  feet  of  heavy-bedded  calcareous  rock, 
resemblmg  sandstone  and  containing  many  concretions. 

The  gray  magnesian  limestones  of  the  Panola  formation  present 
very  favorable  conditions  for  the  occurrence  of  underground  water  in 
Oldham  County.  Springs  in  this  formation  are  numerous,  the  most 
important  being  the  Anita  and  Royal  Magnesian  springs,  and  drilled 
wells  obtain  water  at  depths  of  40  to  60  feet.  The  water  is  usually 
foimd  at  the  top  of  the  shale  beds  which  underlie  the  limestones.  The 
average  yield  of  a  single  well  is  about  10  gallons  a  minute.  The  qual- 
ity of  the  water  is  shown  by  the  analysis  of  the  water  from  Anita. 
Spring.     (Seep.  211.) 

The  Eden  shale  will  supply  little  water  in  Oldham  County. 

The  Highbridge,  Lexington,  and  Winchester  limestones  and  the  St. 
Peter  sandstone  are  deeply  buried  in  Oldham  County.  The  limestone 
formations  may  furnish  saline  or  saline-sulphur  water  when  reached 
by  deep  wells.  The  St.  Peter  will  supply  flowing  wells  of  salt-sulphur 
water  in  the  Ohio  Valley.  A  well  drilled  at  La  Grange  about  twenty 
years  ago  obtained  a  flow  of  slightly  sulphurous  saline  water.  The 
exact  horizon  from  which  the  water  was  obtained  is  not  known,  but 
from  the  fact  that  the  well  was  about  1,200  feet  deep  it  seems  prob- 
able that  the  water  may  come  from  either  the  Lexington  or  the  High- 
bridge  limestone. 
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OWEN  COUNTY. 
SURFACE  FEATURES. 

Owen  County  is  in  the  west-central  part  of  the  Blue  Grass  region. 
Topographically,  it  comprises  a  gently  rolling  upland  area  in  its  cen- 
tral part,  with  broad,  flat-topped  divides  and  narrow,  shallow  valleys, 
and  elsewhere  more  rugged  areas,  deeply  trenched  by  narrow  valleys 
separated  by  winding  ridges.  A  narrow  rock  terrace  extends  along 
the  valleys  of  Kentucky  River  and  Eagle  Creek,  and  at  Gratz  an 
abandoned  channel  of  the  Kentucky  stands  at  about  the  same  level 
as  the  rock  terrace.  This  channel  evidently  represents  the  course  of 
the  Kentucky  at  the  time  of  the  formation  of  the  terrace;  in  changing 
to  its  present  course  past  Lockport  the  river  evidently  followed  the 
channels  of  Sixmile  Creek  and  some  of  its  tributaries. 

The  Kentucky  forms  the  western  boundary  of  the  county  and 
receives  all  of  the  drainage,  chiefly  through  Eagle,  Clear,  Severn,  and 
Big  Twin  creeks.  Eagle  Creek,  whose  principal  tributaries  are  Caney, 
Stephens,  and  Brush  creeks,  crosses  the  western  edge  of  the  county 
and  forms  the  northern  boundary. 

GEOLOGY   AND   UNDERGROUND   WATERS. 
UNCONSOLIDATED  MATERIALS. 

The  residual  soil  of  Owen  County  is  chiefly  clay,  as  a  rule  very  thin 
on  the  Eden  shale,  but  having  an  average  thickness  of  2i  to  3  feet 
where  rocks  of  the  Maysville  formation  form  the  level  areas  of  the 
upland.     These  soils  are  not  important  as  a  source  of  water. 

The  terrace  along  Kentucky  River  and  Eagle  Creek  has  in  most 
places  a  thin  coating  of  sandy  alluvium,  which  should  supply  some 
water  for  shallow  wells. 

CONSOLIDATED  MATERIALS. 

The  Lexington  Umestone  is  exposed  in  the  gorge  of  Kentucky 
River  from  the  Franklin  County  line  to  Drennon  Springs,  in  Henry 
County.  The  Winchester  Umestone  outcrops  in  the  gorges  of  Ken- 
tucky River  and  Eagle  Creek  and  extends  a  short  distance  back  from 
these  streams  along  their  i)rincipal  tributaries.  Both  of  these  lime- 
stones fiUTiish  hard  water  in  a  number  of  the  streams,  and  saline 
springs  emerge  from  them  at  several  places  in  the  southern  part  of  the 
county.  Over  a  large  part  of  the  county  the  Winchester,  Lexington, 
and  Ilighbridge  limestones  are  deeply  buried  by  younger  formations 
and  will  not  supply  fresh  water. 

The  Eden  shale  outcro])s  along  the  valleys  of  the  principal  streams 
and  on  the  upland  in  the  southern  part  of  the  county  and  furnishes 
small  quantities  of  water  for  springs  and  for  wells  30  to  35  feet  deep. 
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These  rocks  are,  however,  too  dense  to  yield  water  except  near  the 
surface. 

Rocks  belonging  to  the  Maysville  formation  occupy  a  large  part  of 
the  upland  sxuf  ace  of  the  county  and  yield  considerable  moderately 
hard  water  for  shallow  wells — in  most  of  the  wells  sufficient  for  a 
farm.  The  best  springs  in  this  formation  are  in  the  central  part  of 
the  county,  where  the  formation  contains  some  heavy  beds  of  lime- 
stone. Some  of  the  best  wells  and  springs  of  the  Maysville  formation 
are  found  near  the  city  of  Owenton,  and  the  possibility  of  obtaining 
an  imderground  supply  for  the  city  has  been  discussed.  None  of  the 
wells  in  the  vicinity  are,  however,  strong  enough  to  afford  more  than 
a  small  part  of  the  water  that  would  be  needed  for  the  municipal 
supply.  Deep  wells  would  doubtless  obtain  an  abimdance  of  water, 
but  it  would  be  too  highly  mineraUzed  for  ordinary  use,  and  if  a  city 
supply  is  to  be  installed  the  water  must  be  taken  from  a  stream.  One 
of  the  spring-fed  branches  near  the  city  would  probably  furnish  the 
most  satisfactory  supply  of  surface  water. 

Flowing  wells  of  strong  salt-sulphur  water  may  be  obtained  from 
the  St.  Peter  sandstone  in  the  gorge  of  Kentucky  River,  in  the  valley 
of  Eagle  Creek  where  it  borders  the  west  side  of  the  county,  and  in  the 
lower  parts  of  some  of  the  other  tributaries  of  the  Kentucky. 

PENDLETON  COUNTY. 
SUBFACE   FEATURES. 

Pendleton  C!oimty  is  situated  in  the  northeastern  part  of  the  Blue 
Grass  region.  Its  surface  presents  many  steep-sided  valleys  sepa- 
rated by  narrow,  winding  divides,  the  surface  of  the  upland  being  so 
uneven  that  roads  ordinarily  follow  either  divides  or  valleys.  Two 
rock  terraces — the  upper  but  little  below  the  level  of  the  upland  and 
the  lower  less  than  50  feet  above  the  level  of  the  stream — extend 
along  the  valleys  of  the  rivers.  The  lower  terrace  is  in  but  few  places 
more  than  a  mile  wide,  but  the  upper  terrace  is  much  wider. 
.  Licking  River  is  joined  by  its  South  Fork  near  the  center  of  the 
county,  and  these  two  streams  receive  the  entire  drainage,  but  the 
tributaries  of  both  are  small.  The  most  important  of  the  tributary 
streams  are  Kindale,  Grassy,  Fork,  Lick,  and  Crooked  creeks.  All  of 
these  except  Kindale  Creek  head  in  Grant  County  and  flow  eastward 
across  western  Pendleton  County.  Kindale  Creek  rises  in  Bracken 
County,  and  flows  northwestward  to  join  the  Licking  north  of  Fal- 
mouth. 

GEOLOGY  AND  UNDERGROUND  WATERS. 
UNCONSOUDATED  MATERIALS. 

The  residual  soils  of  Pendleton  County  consist  of  thin  deposits  of 
heavy  clay, which  furnish  practically  no  water  except  where  they  rest 
on  the  dense  shales  of  the  Eden  formation. 
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On  the  lower  terrace  in  the  river  valleys  are  deposits  of  sandy  gravel 
which  locally  exceed  30  feet  in  thickness;  one  record  of  drilling  in  the 
northern  part  of  the  county  gives  the  alluvium  a  thickness  of  80  feet, 
but  this  is  probably  too  great.  The  upper  terrace  bears  thin  patches 
of  sand  and  gravel  belonging  to  the  Irvine  formation.  The  alluvium 
supplies  an  abundance  of  water  for  springs  along  the  river  banks  and 
should  be  a  satisfactory  source  of  water  for  wells. 

CONSOLIDATED    MATERIALS. 

The  Lexington  limestone  is  exposed  in  this  county  along  the  rivers, 
where  it  occupies  the  bottoms  and  lower  slopes  of  the  valleys.  It 
furnishes  an  abundance  of  hard  water  in  the  valleys  of  the  Licking 
and  its  South  Fork.  No  deep  wells  have  been  drilled  for  water  in  this 
formation  and  none  have  penetrated  the  Ilighbridge  limestone;  but 
water  obtained  in  either  of  these  formations  at  depths  greater  than  75 
to  100  feet,  would  probably  be  highly  mineralized. 

A  strip  of  Winchester  limestone  is  found  above  the  Lexington. 
This  formation,  however,  occurs  not  only  along  the  river  bottoms,  but 
extends  considerable  distances  up  the  valleys  of  the  principal  tribu- 
taries. It  furnishes  moderate  quantities  of  hard  water  where  it  is  at 
the  surface,  and  the  formation  also  supplies  some  springs  of  salt-sul- 
phur water  in  the  valleys  of  the  streams.  Where  the  Winchester  is 
buried  beneath  the  Eden  shale  its  water  would  be  too  highly  mineral- 
ized for  ordinary  uses. 

Above  the  Winchester  limestone,  forming  most  of  the  surface  of  the 
county  except  in  the  valleys  of  the  large  streams,  is  the  Eden  shale, 
which  supplies  small  quantities  of  water  for  springs  and  shallow  wells 
but  will  yield  no  water  to  deep  wells. 

Narrow  belts  of  limestone  belonging  to  the  Maysville  formation  cap 
the  divides  in  the  western  part  of  the  county.  These  rocks  contain 
some  excellent  springs  and  supply  considerable  water  for  shallow 
wells. 

Flowing  wells  may  be  obtained  from  the  St.  Peter  sandstone^  in 
the  valley  of  Licking  River.  The  well  at  Boston  Station  obtains  its 
supply  from  this  formation.  The  water  contains  a  large  amoimt  of 
salt  and  is  highly  charged  with  hydrogen  sulphide.  It  has  proved 
entirely  satisfactory  for  stock,  but  is  unfit  for  other  uses. 

ROBERTSON  COUNTY. 
SURFACE   FEATURES. 

Robertson  County  is  near  the  southeast  comer  of  the  Blue  Grass 
region,  on  the  east  side  of  Licking  River.  Its  surface  is  a  deeply 
dissected  plateau,  whose  steep-sided  valleys.  100  to  300  feet  deep, 
are  separated  by   narrow  divides  with  even,   sinuous  crests.     An 
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abandoned  stream  channel  passes  near  Kentontown  and  joins  Licking 
River  Valley  below  Claysville.  The  rock  floor  of  this  valley  is  in 
many  places  covered  with  5  to  10  feet  of  sand  containing  a  few  pebbles 
of  chert. 

The  surface  drains  toward  the  west  or  north  into  Licking  River  or 
its  North  Fork.  The  principal  stream,  Johnson  Creek,  crosses  the 
county  south  of  Moimt  Olivet,  and  there  are  also  many  small  streams, 
most  of  which  are  less  than  10  miles  long. 

GEOLOGY   AND   UNDERGROUND   WATERS. 

UNCONSOLIDATED   MATERIALS. 

The  residual  soil  of  Robertson  County  is  a  yellow  or  reddish  clay, 
which  as  a  rule  forms  a  thin  deposit  on  the  uplands.  On  the  slopes 
it  contains  many  slabs  of  limestone  which  have  been  left  as  the  soil 
has  washed,  and  in  some  parts  of  the  county  these  slabs  are  so 
numerous  that  they  furnish  enough  rock  to  construct  the  pikes. 
The  soil  yields  very  little  water  for  either  springs  or  wells. 

Some  small,  imimportant  patches  of  sandy  alluvium  are  found  in 
the  valleys  of  the  large  streams.  The  alluvium  of  the  Licking  Valley 
supplies  water  for  some  springs,  and  wells  sunk  in  it  would  probably 
be  successful.  A  few  wells  in  the  abandoned  stream  valley  near 
Kentontown  procure  a  plentiful  supply  of  soft  water  from  sand  and 
gravel  at  depths  of  10  to  15  feet. 

CONSOLIDATED   MATERIALS. 

The  Lexington  limestone  outcrops  in  the  valleys  of  the  streams  in 
the  western  part  of  the  county,  but  a  short  distance  back  from  the 
main  streams  it  is  overlain  by  younger  formations,  and  its  eastward 
dip  carries  it  down  to  the  water  level  near  the  eastern  boimdary  of 
the  county.  Where  it  is  exposed  in  the  stream  valleys  wells  and 
springs  obtain  from  it  considerable  potable  water,  but  elsewhere  it 
will  yield  only  salt  and  salt-sulphur  waters.  Such  waters  might  also 
be  encoimtered  in  deep  wells  near  the  river. 

The  Winchester  limestone  appears  at  the  surface  in  a  narrow  area 
near  Licking  River  and  its  tributaries,  where  it  yields  moderate 
quantities  of  water  for  springs  and  shallow  wells.  In  other  parts 
of  the  county  it  is  buried  beneath  younger  geologic  formations  and 
may  be  expected  to  furnish  only  salt  or  salt-sulphur  water.  Some 
of  the  deeper  wells  in  the  area  where  the  limestone  is  exposed  may 
also  encoimter  mineral  water. 

The  Eden  shale  forms  the  surface  rock  over  a  large  part  of  the 
county,  and  in  most  places  it  furnishes  small  quantities  of  water  for 
shallow  wells  and  springs,  though  the  supply  is  apt  to  fail  in  very  dry 
weather.     It  supplies  no  water  to  deep  drilled  wells. 
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The  lower  members  of  the  Maysville  formation  may  cap  some  of 
the  higher  parts  of  the  county,  but  these  members  contain  a  high 
percentage  of  shale,  and  their  water  capacity  is  about  the  same  as 
that  of  the  Eden  shale. 

The  Highbridge  limestone  will  furnish  only  salt  or  salt-sulphur 
water  in  this  coimty. 

Wells  sunk  on  the  upland  of  the  coimty  would  probably  reach  the 
salt-sulphur  water  of  the  St.  Peter  sandstone  at  a  depth  of  about 
900  feet.  In  the  valley  of  Licking  River  flowing  wells  might  pos- 
sibly be  obtained  from  this  formation,  as  the  bed  of  the  river  was 
found  by  aneroid  measurement  to  have  an  altitude  of  580  feet  above 
sea  level.  As  aneroid  measurements  are  subject  to  considerable 
error,  the  determination  of  altitude  is  questionable. 

WATER  FOR  DOMESTIC   AND  INDUSTRIAL  PURPOSES. 

Dug  wells,  ranging  in  depth  from  10  to  25  feet,  supply  water  for 
domestic  use  over  a  large  part  of  the  county,  but  their  use  in  the 
towns  is  attended  by  some  risk,  as  they  are  liable  to  be  more  or  less 
contaminated  by  surface  drainage. 

Drilled  wells  have  been  sunk  at  Moimt  Olivet  and  Piqua.  At 
Moimt  Olivet  two  wells,  107  feet  deep,  were  drilled,  one  of  which 
obtained  a  moderate  supply  of  mineral  water  and  the  other  was  dry. 
At  Piqua  a  drilled  well  encountered  sulphur  water  at  a  depth  of 
about  75  feet. 

The  springs  of  Robertson  Coimty  are  all  small,  and  many  of  them 
can  not  be  relied  upon  to  furnish  water  during  very  dry  seasons. 
The  original  Lower  Blue  Lick  Spring  was  located  on  the  north  side 
of  Licking  River  in  this  county,  but  this  spring  ceased  to  flow  some 
years  ago,  and  attempts  to  obtain  the  water  by  drilling  have  been 
unsuccessful.  A  spring  with  water  of  similar  character  on  the  other 
side  of  the  river  is  now  utilized  by  the  company.  In  the  table  of 
analyses  (p.  210)  the  first  three  samples  were  taken  from  the  old 
spring  and  the  fourth  and  fifth  from  the  one  now  in  use. 

SCOTT  COUNTY. 
SURFACE   FEATURES. 

Scott  County  is  situated  in  the  south-central  part  of  the  Blue  Grass 
region.  A  gently  rolling  surface,  with  variations  in  altitude  of  100 
to  200  feet,  characterizes  the  southern  part  of  the  coimty,  the  inter- 
stream  areas  showing,  as  a  rule,  slight  relief  and  being  marked  by 
numerous  sink  holes.  In  the  northern  part  of  the  county  the  surface 
has  been  greatly  dissected  and  presents  steep-sided  valleys  separated 
by  narrow  divides.  The  highest  points  in  the  county  are  nearly 
1,000  feet  above  sea  level;  the  lowest  are  between  600  and  700  feet 
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above;  and  the  maximum  variation  is  therefore  between  300  and  400 
feet. 

The  northern  part  of  the  county  drains  into  Eagle  Creek  and  the 
southern  part  into  Elkhom  Creek.  Several  tributaries  of  Licking 
River  head  near  the  eastern  boundary  and  receive  the  drainage  of 
the  eastern  part  of  the  county. 

The  underground  drainage  of  the  southern  part  of  the  coimty  is 
extensive,  and  some  of  the  underground  streams  may  be  traced  for 
a  distance  of  3  or  4  miles  by  the  lines  of  sink  holes  that  mark  their 
courses.  As  a  nde,  an  undergroimd  stream  emerges  in  a  spring  at 
the  head  of  a  small  branch. 

GEOLOGY   AND   UNDERGROUND   WATERS. 
UNCONSOLIDATED   MATERIALS. 

The  unconsolidated  materials  of  Scott  County  form  a  thin  mantle 
of  residual  soil,  consisting  of  3  to  8  feet  of  brown  or  red  loam  on  areas 
underlain  by  limestone,  and  3  feet  or  less  of  yellow  or  red  clay  where 
the  underlying  rock  is  shale.  These  materials  yield  littfe  water 
except  where  they  rest  on  a  dense  rock,  like  the  Eden  shale^  and 
even  in  such  places  the  supply  is  small. 

CONSOLIDATED   MATERIALS. 

The  Lexington  limestone  is  the  surface  rock  over  nearly  all  the 
southern  part  of  the  county,  its  outcrop  coinciding  very  closely  with 
the  area  of  well-developed  underground  drainage  and  rolling  topog- 
raphy. The  northern  boundary  of  this  limestone  is  a  sinuous  line 
extending  in  an  east-west  direction  across  the  county  about  5  miles 
north  of  Georgetown.  The  formation  furnishes  an  abundance  of 
hard  water  for  springs  and  wells,  and  it  contains  all  the  large  under- 
ground streams  that  supply  the  important  springs  of  the  county. 
Below  drainage  levels,  however,  the  water  contains  salt,  and  in  some 
places  sulphur,  and  where  the  limestone  is  covered  by  younger  for- 
mations it  will  yield  no  fresh  water. 

A  narrow  band  of  Winchester  limestone  occurs  along  the  northern 
border  of  the  area  of  Lexington  limestone,  and  another  extends  from 
the  western  boundary  of  the  county  near  Switzer  to  Greendale  in 
Fayette  County.  Where  this  rock  is  at  the  surface  it  furnishes 
moderate  quantities  of  water  for  springs  and  shallow  wells,  but  below 
drainage  levels  the  water  is  brackish  and  is,  as  a  rule,  charged  with 
hydrogen  sulphide.  In  localities  where  it  is  covered  by  the  Eden 
shale  the  water  found  in  it  will  probably  contain  both  salt  and  sulphur. 

The  Eden  shale  outcrops  in  the  northern  part  of  the  county  and 
over  a  small  area  in  the  western  part.  The  rocks  of  this  formation 
have  been  deeply  eroded  and  their  outcrop  coincides  very  closely 
with  the  area  of  rugged  topography.     In  some  places  (his  shale 
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yields  small  quantities  of  water  for  springs  and  shallow  wells,  but  it 
yields  no  water  for  deep  wells,  and  the  supply  obtained  by  the  shallow 
ones  is  apt  to  fail  in  dry  weather. 

The  Highbridge  limestone  lies  about  200  feet  below  the  surface  in 
the  southern  part  of  the  county,  but  it  is  probably  nearly  500  feet 
below  the  tops  of  the  highest  hills  in  the  northern  part.  It  will 
yield  only  brine  in  this  county. 

The  St.  Peter  sandstone,  with  its  salt-sulphur  water,  underlies  the 
entire  county,  but  flowing  wells  are  precluded  by  the  altitude  of  the 
surface.  In  the  lowest  parts  of  the  county  the  water  should  rise  to 
within  less  than  100  feet  of  the  surface.  At  Greorgetown  and  Rogers 
Gap  strong  salt-sulphur  was  reported  in  two  deep  wells  at  depths  of 
700  and  900  feet,  respectively.  At  Georgetown  this  water  was  said 
to  have  sufficient  head  to  rise  within  15  feet  of  the  surface.  If  this 
is  the  water  from  the  St.  Peter  sandstone,  it  was  encountered  at  a 
less  depth  and  rose  higher  than  the  water  from  the  same  formation 
at  Frankfort. 

STRUCTURAL  FEATURES. 

The  rocks  of  Scott  County  have  a  general  dip  toward  the  north,  and 
there  are  some  evidences  of  slight  local  disturbances.  The  most 
marked  structural  features  are  found  southwest  of  Stamping  Ground, 
where  two  nearly  parallel  faults  have  brought  a  block  of  Pklen  shale 
into  contact  with  the  Lexington  limestone.  Near  Georgetown  a 
slight  deformation  has  produced  a  small  fold. 

WATER   FOR   DOMESTIC    AND   INDUSTRIAL   PURPOSES. 

Dug  wells  are  used  to  a  limited  extent  in  Scott  County,  but  they 
are  rapidly  being  supplanted  by  drilled  wells  except  in  the  areas 
underlain  by  the  Eden  shale.  Most  of  the  drilled  wells  obtain  their 
waters  from  the  Lexington  and  Winchester  limestones  at  depths  of  50 
to  125  feet.  The  depth  to  the  sulphur  water  in  Scott  County  varies 
locally,  but  it  is  in  few  places  more  than  100  feet. 

The  Georgetown  water  supply,  which  is  taken  from  a  large  spring 
on  the  edge  of  the  city,  is  the  only  large  underground  supply  of  the 
region.  The  fact  that  this  water  is  usually  turbid  after  a  rain  sug- 
gests that  some  water  enters  the  underground  stream  through  open 
sinks.  The  spring  is  supplied  by  a  good-sized  underground  stream, 
and  the  amount  of  water  is  usually  much  greater  than  is  needed  by 
the  town.  Many  other  large  springs  are  found  in  various  parts  of 
the  county. 

Sadieville  and  Stamping  Ground  have  drilled  wells  belonging  to 
the  towns,  and  these  wells  supply  water  for  the  families  that  do  not 
use  cistern  water.  At  Newtown  the  undei^ound  water  conditions 
appear  to  be  very  favorable,  and  a  large  number  of  successful  wells 
have  been  drilled. 
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SHELBY  COUNTY. 
SURFACE   FEATURES. 

Shelby  County  is  on  the  western  edge  of  the  Blue  Grass  region. 
Except  near  its  eastern  boundary,  where  some  of  the  streams  have 
cut  narrow  valleys  200  to  300  feet  below  the  level  of  the  upland,  it 
has  a  gently  rolling  surface,  with  variations  in  altitude  exceeding  100 
feet  in  but  few  places.  Near  the  northwestern  comer  of  the  county 
is  a  high  ridge  which  forms  the  divide  east  of  Floyds  Fork,  and  a 
high  hill,  known  as  the  '^Jeptha  Knob,!'  is  situated  near  the  village 
of  Claysville. 

A  small  area  near  the  eastern  margin  of  the  county  drains  to 
Kentucky  River  through  Sixmile  and  Benson  creeks,  whose  principal 
tributaries  are  Backbone  Creek  (to  Sixmile)  and  Collets  Creek  (to 
Benson).  The  re^t  of  the  county  is  drained  by  tributaries  of  the 
North  Fork  of  Salt  River,  the  largest  being  Big  Beech,  Guests,  and 
Brashears  creeks,  and  Floyds  Fork.  The  southeastern  comer  of  the 
county,  south  of  Harrisonville  and  Southville,  is  drained  by  the  Mid- 
dle Fork  of  Crooked  Creek  and  Big  Beech  Creek  and  its  tributaries; 
a  lai^e  area  east  of  Shelbyville  and  south  of  Christiansburg  is  drained 
by  Guests  Creek  and  its  tributaries,  Jeptha  and  Lick  creeks  and 
Breton  Run;  and  the  central  part  of  the  county  is  drained  by  Brash- 
ears  Creek,  to  which  Clear  and  Big  BuUskin  creeks  are  tributary. 
Floyds  Fork  of  Salt  River  receives  no  large  streams  from  Shelby 
County,  but  the  drainage  of  the  northern  part  of  the  county  reaches 
it  through  several  small  streams.  Plum  Creek,  a  direct  tributary  of 
Salt  River,  drains  the  southeastern  corner  of  the  county. 

GEOLOGY  AND  UNDERGROUND  WATERS. 

UNCONSOLIDATED   MATERIALS. 

The  residual  soils  of  ShelbyCounty  resemble  those  of  Fayette  Coimty, 
iicluding  dense  red  or  yellow  clays  on  the  areas  of  Eden  shale  and 
loams  rather  than  clays  on  the  Umestones  of  the  Maysville  and  Rich- 
mond formations.  The  residual  soils  from  the  Eden  shale  furnish 
small  quantities  of  water  during  wet  weather.  In  a  few  localities  the 
soils  on  the  Maysvilleformation  contain  so  much  water  that  tile  drain- 
ing is  necessary,  and  in  such  places  they  should  furnish  some  water 
for  wells. 

CONSOLIDATED   MATERIALS. 

The  Highbridge,  Lexington,  and  Winchester  limestones  underlie 
the  entire  county,  and  the  Lexington  and  Winchester  are  exposed  near 
Graefenburg  in  the  valley  of  Benson  Creek.  The  Winchester  lime- 
stone appears  also  in  the  channels  of  several  other  streams  near  the 
eastern  edge  of  the  county.  Where  these  Umestones  are  at  the  sur- 
face sufficient  hard  water  for  a  farm  is  usually  obtainable,  but  in  some 
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places  they  yield  salt-sulphur  water  like  that  of  the  uiineral  spring  at 
Graefenburg.  These  formations  might  be  reached  by  deep  wells  sunk 
on  the  upland,  but  the  water  of  such  wells  would  probably  be  saline  or 
saline-sulphur  in  character. 

The  Eden  shale  forms  the  surface  rock  over  a  belt  2  to  6  miles  wide 
along  the  eastern  boimdary  of  the  county,  and  outcrops  also  in  the  val- 
ley of  Brashears  Creek  and  in  the  valleys  of  Guests  Creek  and  its  prin- 
cipal tributaries.  In  the  eastern  part  of  the  county  this  formation 
suppUcs  small  quantities  of  water  for  springs  and  shallow  wells,  but 
farther  west  it  is  covered  by  younger  rocks  and  is  not  water  bearing. 

Rocks  belonging  to  the  MaysviUe  and  Richmond  formations  occupy 
nearly  all  of  the  surface  west  of  the  exposures  of  Eden  shale  and  fur- 
nish moderate  quantities  of  hard  water  for  springs  and  shallow  wells. 
The  xmdergound  water  conditions  appear  to  be  most  favorable  in  the 
western  half  of  the  county,  but  perennial  springs  occur  in  all  parts  of 
the  area  where  these  formations  are  at  the  surface. 

The  Panola  formation  caps  the  ridge  east  of  Floyds  Fork  in  the 
nothwestem  part  of  the  coxmty .  On  Jeptha  Knob,  and  near  the  north- 
west comer  of  the  county,  it  furnishes  ample  supphes  of  hard  water  for 
farm  use.  A  cavern  containing  a  stream  of  water  is  reported  on 
Jeptha  Knob. 

The  St.  Peter  sandstone  will  supply  an  abundance  of  water  for  deep 
wells  in  this  county,  but  it  is  improbable  that  the  water  wiU  flow  at 
the  surface.  The  quality  of  this  water  is  shown  by  the  analysis  of  the 
water  from  the  Old  76  distiUery  at  Newport  (p.  212).  The  water  is 
too  highly  mineraUzed  for  domestic  or  industrial  uses. 

STRUCTURAL   FEATURES. 

The  rocks  of  Shelby  County  dip  gently  toward  the  northwest.  They 
show  no  marked  dislocations  except  near  Jeptha  Knob,  where  they 
are  broken  by  faults  which  have  brought  limestones  of  Niagaran  age 
into  contact  with  some  of  the  older  rocks  of  the  MaysviUe  formation. 

WATER   FOR  DOMESTIC   AND   INDUSTRIAL  USES. 

In  the  western  part  of  this  county  some  driUed  wells,  50  to  100  feet 
deep,  have  obtained  good  supphes,  but  over  a  large  part  of  the  county 
drilled  wells  may  yield  very  Uttle  water.  A  conspicuous  example  of 
a  failure  to  find  water  is  the  well  on  Mr.  Goodloe's  farm, northeast  of 
Shelbjnrille,  which  was  carried  to  a  depth  of  about  750  feet.  Another 
well  a  short  distance  away  obtained  a  good  supply  at  less  than  70  feet. 
In  this  county  drilling  should  not,  as  a  rule,  be  carried  beyond  100  feet, 
and  150  feet  should  be  the  maximum  depth  unless  mineral  water  is 
desired. 

None  of  the  formations  exposed  in  Shelby  County  will  supply  suflB- 
cient  water  for  a  city  system  except  the  Lexington  limestone,  and 
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even  this  formation  may  be  expected  to  yield  large  supplies  in  only  a 
few  localities  where  conditions  are  especiaUy  favorable. 

In  ShelbyviDe,  which  is  situated  on  rocks  of  the  MaysviUe  forma- 
tion, it  is  practically  certain  that  underground  water  of  suitable  qual- 
ity and  suflScient  in  quantity  for  a  city  supply  is  unobtainable,  and  the 
only  alternative  is  the  use  of  surface  water.  Filtered  surface  water, 
however,  would  compare  very  favorably  with  the  underground  water 
of  the  region. 

TRIMBLE   COUNTY. 
SURFACE   FEATUKES. 

Trimble  Coimty  is  in  the  western  part  of  the  Blue  Grass  region  and 
is  bordered  by  Ohio  River.  The  eastern  part  of  the  county  has  a 
gently  rolling  surface  with  broad  shallow  valleys  separated  by  rounded 
divides,  except  near  Little  Kentucky  River,  which  has  cut  a  narrow 
trench  200  to  300  feet  below  the  level  of  the  upland.  West  of  Bed- 
ford the  streams  flow  in  deep,  narrow  valleys  which  are  separated  by 
broad,  flat,  interstream  spaces.  The  amount  of  relief  increases  toward 
Ohio  River,  where  it  approximates  400  feet. 

The  Little  Kentucky,  which  crosses  the  eastern  part  of  the  county, 
receives  the  drainage  of  the  area  east  of  Bedford.  The  area  west  of 
Bedford  is  drained  by  several  small  tributaries  of  the  Oliio,  the  most 
important  being  Pattons,  Barebone,  Com,  Spring,  and  Cooper  creeks. 
None  of  these  streams  exceed  10  miles  in  length  and  all  of  them  have 
very  high  gradients. 

GEOLOGY   AND   UNDERGROUND   WATERS. 
UNCONSOLIDATED    MATERIALS. 

The  unconsoUdated  materials  of  Trimble  County  include  a  mantle 
of  glacial  deposits  in  the  western  part  of  the  county  and  of  residual 
soils  in  the  eastern  part,  with  a  deposit  of  alluvium  80  to  120  feet  or 
more  in  thickness  in  the  Ohio  Valley. 

The  eastern  boundary  of  the  glacial  deposits  extends  northward 
from  the  Oldham  County  line,  passing  about  5  miles  east  of  Bedford 
and  entering  Carroll  County  west  of  Little  Kentucky  River.  The 
material  of  these  deposits  is  a  red  clay  containing  many  fragments 
of  chert  and  some  pebbles  of  limestone.  A  few  small  fragments  of 
igneous  rocks  occur  in  the  till,  but  most  of  the  pebbles  are  of  local 
origin. 

The  residual  soils  of  the  eastern  part  of  the  county  consist  of 
dense  clays,  in  few  places  more  than  3  feet  thick,  which  furnish 
little  water  directly  to  wells  or  springs  except  where  they  rest  on 
the  Eden  shale. 
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The  alluvium  of  the  Ohio  Valley  consists  of  coarse  sands  and 
gravels  capped  in  many  places  by  a  few  feet  of  buff  silt.  These 
materials  supply  an  abundance  of  hard  water  for  driUed  or  driven 
wells  at  depths  of  60  to  110  feet.  The  water  is  not  so  hard  as  that 
derived  from  the  consolidated  materials  on  the  upland. 

CONSOLIDATED   MATERIALS. 

The  oldest  rock  appearing  at  the  surface  in  Trimble  County  is  the 
Eden  shale,  which  is  exposed  at  the  foot  of  the  bluff  bordering  the 
Ohio  and  in  the  valleys  of  Little  Kentucky  River  and  some  of  the 
smaller  streams  in  the  northeastern  part  of  the  county.  In  these 
valleys  it  furnishes  small  quantities  of  water  for  springs  and  shallow 
wells,  but  elsewhere  in  the  county  it  is  buried  by  younger  formations 
and  is  not  water  bearing.  The  quality  of  much  of  the  water  from  this 
shale  is  poor. 

The  eastern  half  of  the  county  is  underlain  by  rocks  belonging  to 
the  Maysville  and  Richmond  formations,  which  furnish  moderate 
quantities  of  hard  water  for  springs  and  shallow  wells.  The  Rich- 
mond is  especially  well  developed,  more  than  150  feet  of  interbedded 
Hmestones  and  shales  belonging  to  this  formation  being  exposed  near 
Bedford.  The  upper  part  of  the  Richmond  presents  exceptionally 
favorable  conditions  for  underground  water  and  contains  some  very 
good  springs.     In  some  drilled  wells  the  water  is  slightly  brackish. 

A  large  part  of  the  upland  near  the  Ohio  is  occlipied  by  the  blue 
shale  and  gray  to  buff  heavy-bedded  limestones  belonging  to  the 
Panola  formation.  The  limestone  beds  of  this  formation  yield  ample 
supplies  of  water  containing  considerable  lime  and  magnesia.  Some 
of  the  layers  that  rest  on  shale  beds  present  unusually  favorable  con- 
ditions for  underground  water.  Northwest  of  Bedford  some  large 
sink  holes  suggest  the  presence  of  good-sized  caverns. 

The  Winchester,  Lexington,  and  Highbridge  limestones  and  the 
St.  Peter  sandstone  are  all  buried  beneath  younger  rocks  in  this 
county  and  will  not  yield  fresh  water,  but  any  of  them  may  yield 
salt-sulphur  water  in  deep  drilled  wells.  In  the  Ohio  Valley  flowing 
wells  could  be  obtained  by  drilling  into  the  St.  Peter,  but  the  quality 
of  the  water  in  this  formation  renders  it  unfit  for  ordinary  uses. 

DOMESTIC    AND   INDUSTRIAL   WATER   SUPPLIES. 

A  number  of  good  springs  are  found  in  the  western  part  of  Trimble 
County,  but  from  Bedford  eastward  the  springs  are  small  and  many 
of  them  fail  during  dry  seasons.  The  Bedford  mineral  spring  was 
formerly  a  summer  resort  of  considerable  note. 

Dug  wells  from  10  to  30  feet  deep  are  a  common  source  of  supply 
for  farms  and  villages.  During  recent  years  many  of  these  wells 
have  been  supplanted  by  cisterns. 
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Drilled  wells  are  usually  successful  on  the  upland  west  of  Bedford, 
but  few  of  them  procure  large  supplies.  At  Bedford  two  unsuccessful 
wells  have  been  drilled. 

WOODFORD  COUNTY. 
SURFACE   FEATURES. 

Woodford  County  lies  in  the  southern  part  of  the  Blue  Grass  region, 
on  the  east  side  of  Kentucky  River,  which  is  here  less  than  500  feet 
above  sea  level;  the  highest  parts  of  the  upland  have  an  altitude  of 
nearly  1,000  feet. 

The  drainage  of  the  county  reaches  the  Kentucky  through  Clear, 
Glen,  and  South  Elkhorn  creeks  and  many  small  streams.  All  the 
surface  streanLs  receive  large  quantities  of  water  from  springs  fed  by 
underground  streams.  Such  underground  streams  occur  in  all  parts 
of  the  county,  but  they  appear  to  be  especially  large  and  numerous 
on  the  divide  northeast  of  Versailles.  On  this  divide  are  many  sink 
holes  which  receive  the  drainage  from  considerable  areas.  An 
example  of  this  is  the  big  sink  northeast  of  Versailles,  which  receives 
the  drainage  from  a  surface  stream  more  than  a  mile  in  length  and 
which  is  said  to  be  connected  by  an  underground  channel  with  the 
Big  Spring.  This  spring,  which  is  probably  the  largest  in  tlie  Blue 
Grass  region,  emerges  from  a  cavern,  flows  for  some  distance  as  a 
surface  stream,  and  then  enters  an  underground  channel  through  a 
sink  hole.  Other  examples  of  sinking  streams  are  to  be  found  on 
the  Woodburn  farm,  near  Spring  Station,  and  at  Childer's  place,  near 
Versailles.  In  this  county,  as  elsewhere  in  the  region,  most  of  the 
large  springs  emerge  in  small  gullies.  Caverns  of  considerable  size 
exist  in  various  parts  of  the  county,  and  some  of  them  have  been 
explored  for  short  distances. 

Most  of  the  surface  streams  tributary  to  the  Kentucky  have  broad 
valleys  on  the  upland  and  descend  to  the  river  in  narrow  canyons. 

GEOLOGY   AND   UNDERGROUND   WATERS. 
UNCONSOLIDATED   MATERIALS. 

The  residual  materials  in  Woodford  County  consist  of  yellowish  or 
reddish  loams  and  clays  which  were  formed  by  the  decomposition  of 
limestones  and  shales  and  which  probably  have  an  average  thickness 
of  less  than  6  feet,  although  in  some  places  the  maximum  thickness 
may  exceed  20  feet.  These  materials  furnish  little  water  directly  to 
wells  or  springs,  but  they  store  large  quantities  of  water  and  supply, 
it  gradually  to  the  channels  in  the  limestone. 

Thin  strips  of  sandy  alluvium,  which  supplies  large  quantities  of 
water  to  springs  on  the  banks  of  the  river  and  might  also  furnish  an 
abundance  of  water  for  wells,  are  found  in  the  wider  parts  of  the  gorge 
of  Kentucky  River.  The  thickness  of  this  alluvium  has  not  been 
detennined  by  borings,  but  it  probably  does  not  exceed  50  to  60  feet. 
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CONSOLIDATED  MATERIALS. 

The  Highbridge  limestone  is  exposed  in  the  gorge  of  Kentucky 
River,  but  it  dips  steeply  northward  and  the  thickness  of  the  exposure 
decreases  toward  the  northern  end  of  the  county.  Where  it  forms 
the  surface  rock  it  furnishes  hard  water  for  springs  and  shallow  wells, 
but  elsewhere  it  yields  water  which  is  highly  mineralized. 

The  Lexington  limestone  is  exposed  above  the  Highbridge  along 
the  valleys  of  the  large  streams  and  it  forms  the  surface  rock  over  a 
large  portion  of  the  upland.  It  is  this  Umestone  that  contains  the 
large  underground  streams  referred  to  in  a  previous  paragraph.  In 
the  localities  of  its  outcrop  it  furnishes  an  abundance  of  hard  water, 
but  wells  which  penetrate  it  below  the  level  of  the  surface  drainage 
are  apt  to  obtain  salt  or  salt-sulphur  water. 

The  Winchester  Umestone  outcrops  over  considerable  areas  in  the 
northern  half  of  the  county  and  suppUes  moderate  quantities  of  hard 
water.  It  may  also  supply  some  of  the  sulphur  water  which  is  en- 
countered in  the  driUed  wells  of  the  northern  part  of  the  county. 

The  Eden  shale,  which  caps  some  of  the  hills  in  the  northwestern 
part  of  the  county,  furnishes  small  quantities  of  water  to  springs  and 
shallow  dug  wells,  but  none  for  deep  wells. 

The  St.  Peter  sandstone  will  supply  salt-sulphur  water  at  depths 
ranging  from  700  to  800  feet  in  the  gorge  of  Kentucky  River  to  1 ,200 
feet  or  1,300  feet  on  the  upland.  The  water  is  under  sufficient 
pressure  to  cause  it  to  flow  at  the  surface  in  the  Kentucky  gorge  and 
in  the  lower  parts  of  some  of  the  tributary  streams. 

DOMESTIC   AND   INDUSTRIAL   WATER   SUPPLIES. 

Dug  wells  are  used  to  a  moderate  extent  in  Woodford  County,  but 
they  are  not  held  in  great  favor.  Drilled  wells  are  numerous  in  all 
parts  of  the  county,  and  the  water  conditions  are  so  favorable  that 
many  drillers  agree  to  obtain  water  or  make  no  charge  for  drilling. 
At  Versailles  about  100  wells  have  been  drilled  and  none  of  them 
have  failed  to  get  water,  while  some  have  yielded  over  100  gallons 
per  minute. 

The  large  spring  at  Spring  Station  probably  has  a  greater  volume 
than  any  other  spring  in  the  Blue  Grass  region.  The  flow  of  this 
spring  was  not  determined,  but  it  must  amount  to  several  million 
gallons  per  day. 

WELLS  AND  WELL  RECORDS. 

The  following  list  of  well  records  (Table  8)  includes  about  75  per 
cent  of  the  number  that  was  collected  during  the  progress  of  the 
field  work.  No  attempt  has  been  made  to  obtain  records  of  all  the 
wells  in  the  region,  but  the  list  is  believed  to  represent  the  under- 
ground water  conditions  and  to  indicate  what  may  be  expected  by 
those  who  contemplate  driUing. 
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The  wells  in  the  alluvium  are  all  located  in  the  Ohio  Valley.  Wells 
sunk  in  this  formation  always  procure  water,  unless  they  are  located 
so  close  to  the  upland  that  they  encounter  rock  near  the  surface. 
The  water  is  entirely  satisfactory  for  ordinary  use  and  the  supply 
ample. 

The  wells  on  the  upland  have  been  sunk  in  various  formations,  but 
it  will  be  noted  that  none  of  the  deep  wells  obtain  water  from  the 
Eden  shale.  In  the  other  formations  the  water  supply  varies  in 
amoimt  and  character  in  different  localities.  Large  supplies  are 
encountered  in  many  places  in  the  Lexington  limestone,  while  few 
wells  in  the  Maysville  and  Richmond  formations  obtain  more  water 
than  is  needed  for  a  single  household.  Li  the  Winchester  Umestone 
underground  water  conditions  are  somewhat  less  favorable  than  in 
the  Lexington.  The  Panola  formation  is  seldom  thick  enough  to 
warrant  deep  drilling,  but  near  the  western  edge  of  Oldham  and  Trim- 
ble counties  it  supplies  a  number  of  good  drilled  wells. 

Li  all  of  these  formations,  except  the  Panola,  the  deeper  wells  are 
apt  to  encounter  the  highly  mineraUzed  water  wliich  is  designated 
sulphur  water  in  the  table.  The  depth  to  this  mineral  water  varies 
from  place  to  place  and  in  different  wells  in  the  same  locality;  but  in 
general  the  table  will  form  a  safe  guide  to  the  approximate  depth  of 
the  ordinary  limestone  water,  beyond  which  mineralized  waters  are 
probable. 

Li  consulting  the  table  it  is  well  to  remember  that  a  well  in  any 
locality  may  fail  to  obtain  water.  Li  the  Blue  Grass  region  the  number 
of  unsuccessful  wells  is  about  4  per  cent  of  the  whole  number  drilled. 
For  the  region  as  a  whole,  therefore,  the  probability  of  success  in 
seeking  water  is  very  good,  but  the  percentage  of  dry  holes  is  much 
higher  in  some  localities  than  in  others.  It  may  happen  that  some 
wells  find  water  while  others  a  few  feet  away  are  dry.  This  is  ex- 
plained by  the  fact  that  the  water  occurs  in  channels  in  the  rock,  and 
to  be  successful  a  well  must  encounter  one  of  the  water-bearing 
channels.  The  accompanying  diagram,  figure  5,  shows  two  wells  side 
by  side — one  successful,  the  other  dry. 

About  100  records  were  collected  by  Dr.  Chase  Palmer  and  the 
remainder  by  the  author.     Much  valuable  information  in  regard  to 
the  occurrence  of  underground  water  in  the  region  was  also  furnished 
by  the  drillers  whose  names  are  given  below: 
J.  B.  Bonta. 
E.  C.  Cox. 
W.  M.  Cox. 
E.  C.  Griggs. 
George  Icenhower. 
John  Kearney. 
W.  S.  May. 
Patton  &  Bailey. 

88942— IHR  233—09 11 


W.  R.  Renfro. 
Robinson  &  Moon. 
George  Sallee. 
S.  Wells. 
Robert  Smith. 
E.  M.  S pence. 
John  O.  Rogers. 
W.  B.  TacUock. 
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QUALITY  OF  THE  UNDERGROUND  WATERS  IN  THE 
BLUE  GRASS  REGION. 


By  Chase  Palmer. 


INTRODUCTION. 

In  the  summer  of  1903  the  writer  undertook  an  mvestigation  of  the 
quality  of  the  waters  of  Kentucky  River  in  cooperation  with  the 
United  States  Geological  Survey.  The  tests  were  continued  for  one 
year,  during  which  period  a  similar  study  was  made  of  the  headwaters 
of  Dix,  Green,  and  Salt  rivers,  which  rise  in  the  upland  near  the  south- 
ern Umits  of  the  Blue  Grass  region.  A  few  results  of  this  early  study 
of  Kentucky  and  Dix  rivers  are  presented  in  this  report  to  illustrate 
the  hardness  of  two  important  surface  streams  of  the  Blue  Grass 
region  in  comparison  with  that  of  the  underground  waters. 

In  the  spring  of  1905,  under  a  similar  arrangement,  field  assays  of 
waters  from  wells  and  springs  were  made  in  several  Blue  Grass  coun- 
ties, and  the  results  of  that  work  are  also  embodied  in  this  report. 

In  July,  1906,  a  more  extended  investigation  of  the  underground 
waters  of  the  Blue  Grass  region  was  begun,  jointly  with  Greorge  C. 
Matson,  of  the  Geological  Survey.  The  subsurface  waters  from  a 
much  larger  area  were  subjected  to  complete  chemical  analysis  at 
Lexington,  Ky.,  and  the  results  of  the  examinations  are  recorded  in 
the  table  of  analyses  on  page  212. 

ACKNOWLEDGMENTS. 

Thanks  are  due  to  Dr.  M.  A.  Scovell,  director  of  the  Kentucky  Agri- 
cultural Experiment  Station  at  Lexington,  for  affording  the  facilities 
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preciation for  his  uniform  courtesy  and  hospitality  while  the  chemical 
work  of  this  investigation  was  in  progress.  The  publications  of  the 
Kentucky  Geological  Survey  and  of  Kentucky  Agricultural  Experi- 
ment Station  have  been  consulted  and  use  has  been  made  of  the  infor- 
mation contained  therein  and  originally  obtained  by  Dr.  Robert  Peter 
and  Dr.  A.  M.  Peter,  chemists  of  those  two  state  institutions, 
respectively. 
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INDUSTRIAL.  USES   OF  WATER. 
IMPORTANCE  OF  QUALITY. 

The  quantity  of  water  used  in  modem  human  industry  is  so  vast, 
its  applications  are  so  varied,  and  its  essential  characteristics  are  so 
distinctive  that  water  may  be  considered  the  most  important  mineral 
used  in  the  industrial  arts.  Immense  quantities  of  water  are  neces- 
sary for  many  manufacturing  operations.  Every  pound  of  writing 
paper  made,  for  instance,  has  required  the  use  of  no  less  than  40 
pounds  of  water,  and  in  some  paper  mills  as  much  as  1,600  pounds. 
In  selecting  a  location  for  a  paper  mill,  therefore,  it  is  important  to 
see  that  a  liberal  supply  of  water  is  assured. 

The  quality  of  the  water  best  suited  for  use  in  any  particular  indus- 
try is  also  a  matter  of  considerable  moment.  An  iron-bearing  water 
can  not  be  used  in  a  bleachery  without  previous  purification.  A 
calcic  carbonate  water  is  undesirable  in  leather  making,  as  it  causes 
brown  stains  on  the  hides  and  may  also  produce  a  reddish  leather 
which  has  a  low  market  value.  The  manufacture  of  tanning  and  dye- 
wood  extracts  is  another  important  industry  involving  the  use  of 
enormous  quantities  of  water.  These  extracts,  being  easily  ferment- 
able, do  not  keep  well  if  made  with  polluted  water,  or  water  containing 
putrefactive  bacteria. 

In  the  arid  regions  of  the  West  the  scarcity  of  water  makes  it  a  high- 
priced  commodity  which  is  valued  accordingly;  in  the  East,  where  a 
plentiful  supply  of  water  may  usually  be  obtained,  little  attention 
was  formerly  given  to  its  quality,  on  which  its  real  value  so  largely 
depends.  Eastern  manufacturers  have,  however,  begun  to  realize 
that  water  used  in  the  manufacture  of  products  for  which  its  quality 
is  unsuited  is  expensive.  Its  cost  may  not  appear  in  the  price  paid 
for  it,  but  is  apparent  rather  in  the  smaller  yield  of  the  products  which 
it  has  helped  to  make,  or  in  the  low  prices  which  they  command  when 
put  upon  the  market.  The  benefits  derived  from  the  use  of  water 
which  is  naturally  suited  for  a  specific  purpose  or  which  has  been 
properly  treated  to  meet  the  requirements  of  a  special  operation  are 
quickly  realized  in  the  increased  quantity  and  value  of  the  products 
obtained. 

STEAM  MAKING. 

The  engine  which  turns  into  mechanical  work  the  energy  possessed 
by  steam  has  given  to  water  a  new  industrial  value,  and  the  rapid 
advance  of  modem  civilization  is  due  largely  to  the  use  of  water  as  a 
motive  power  in  the  form  of  steam.  Steam  making  may  be  regarded 
as  an  industry  in  which  the  raw  material  is  water  and  the  finished 
product  is  steam.  The  quality  of  the  water  used  in  the  boiler  is  of 
interest  to  the  engineer  because  upon  it  the  profitable  production  of 
steam  in  large  measure  depends.     The  life  of  the  boiler  also  is  in  no 
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small  degree  determined  by  the  care  taken  to  supply  it  with  proper 
feed  water.  With  a  noncorrosive  water  which  does  not  form  hard 
scale  a  stationary  boiler  may  last  thirty  to  thirty-five  years,  but  a 
corrosive  water  may  make  it  useless  in  five  years.  Prevention  of 
corrosion  means  protection  of  the  boiler;  prevention  of  scale  means 
saving  of  labor,  repairs,  and  fuel. 

CORROSION   AND   SCALE. 

The  use  of  impure  water  in  a  steam  boiler  results  usually  in  corro- 
sion and  the  deposition  of  scale.  Many  waters,  especially  spring 
waters,  that  are  comparatively  free  from  mineral  matter  in  solution 
are  known  to  be  strongly  corrosive  when  used  in  steam  boilers.  Free 
acids,  such  as  hydrochloric,  sulphuric,  and  nitric,  are  very  corrosive, 
attacking  iron  easily,  and  waters  containing  them  must  therefore  be 
neutralized  before  they  can  safely  be  used  for  steam  making.  Water 
showing  no  sign  of  acidity  before  it  enters  the  boiler  sometimes 
develops  corrosive  properties  when  it  is  heated.  Water  containing 
magnesium  chloride  in  solution,  for  instance,  may  be  neutral  under 
ordinary  conditions,  but  at  high  temperatures  and  under  increased' 
pressure  of  the  boiler  hydrolysis  occurs,  forming  free  hydrochloric 
acid,  which  vigorously  attacks  the  boiler  shell  and  tubes.  The  magne- 
sium oxide  also  formed  in  this  action  finds  its  way  to  the  boiler  shell 
where  it  may  add  itself  to  any  scale  there  forming. 

Scale  is  an  incrustation  deposited  within  the  boiler  during  the 
evaporation  of  hard  waters.  The  scale  from  calcic  carbonate  waters 
is  loose  and  can  be  removed  by  blowing  off.  Calcic  sulphate  waters, 
on  the  other  hand,  form  a  hard  tenaceous  scale,  the  removal  of  which 
is  sometimes  very  difficult.  Hard  scale  conducts  heat  poorly,  so 
that  a  hotter  fire  is  necessary  to  keep  up  steam  in  a  boiler  thus  coated. 
A  waste  of  15  to  20  per  cent  of  fuel  has  been  known  to  be  caused  by 
hard  scale  only  7  to  8  millimeters  thick.  Boilers  thus  overheated  are 
liable  to  blister  and  to  crack,  and  many  serious  explosions  have 
resulted  from  overheating  scale-lined  boilers. 

SALUTARY   EFFECT   OF   SCALE. 

Though  a  thick,  hard  scale  is  detrimental  to  a  boiler,  a  thin  coating 
of  scale  is  often  distinctly  advantageous.  This  is  especially  notice- 
able where  corrosive  waters  are  used  for  making  steam.  Kent**  calls 
attention  to  the  fact  that  rain  water,  and  even  melted  snow,  cause 
pitting  of  the  plates  and  more  or  less  general  corrosion.  As  a  protec- 
tion against  the  ravages  of  waters  of  this  kind  he  recommends  the 
occasional  addition  of  a  little  limewater,  so  that  a  thin  coating  of 
scale  may  be  formed.     In  certain  parts  of  the  United  States,  especially 


a  Kent,  William,  Corrosion  produced  by  rain  water  in  steam  boilers:  Eng.  News,  vol.  52, 1904,  p.  19& 
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in  the  West,  the  waters  available  for  use  in  locomotives  are  not  only 
hard  but  are  also  high  in  sulphates  of  the  alkali  metals.  The  usual 
practice  has  been  to  soften  such  waters  before  use  by  precipitating 
the  calcium  and  magnesium  with  soda  ash,  and  the  formation  of 
scale  is  prevented  by  this  treatment,  but  at  the  same  time  an  equiva- 
lent amount  of  alkaline  sulphates  is  added  to  the  water.  Excessive 
quantities  of  alkalies  in  water  cause  foaming,  and  on  western  rail- 
roads waters  softened  in  the  manner  just  mentioned  have  made  much 
trouble.  The  harder  a  water  is  before  it  is  softened  by  soda  ash,  the 
larger  is  the  quantity  of  alkali  sulphates  in  the  water  after  treatment, 
and  consequently  the  greater  is  its  tendency  to  foam  in  the  boiler. 
M.  E.  Wells**,  chief  boiler  inspector  of  the  Burlington  and  Missouri 
River  Railroad,  deprecates  the  practice  in  vogue  on  several  railroads  of 
softening  such  waters  for  locomotive  use  by  adding  soda  ash.  He 
quotes  the  following  figures  to  show  the  increase  in  alkalies  caused  by 
treating  with  sodium  carbonate  a  water  used  by  the  Chicago  and 
Northwestern  Railway  from  a  well  70  feet  deep  at  Council  Bluffs,  Iowa : 

Remit  of  treating  water  with  sodium  carbonate. 

T  ^     A  Ports  per 

iDcrustants:  mimon. 

Before  treatment 813 

After  treatment 66 

Nonincnistants,  mostly  alkalies: 

Before  treatment ' 106 

After  treatment 472 

Here  a  hard  incrusting  water  is  changed  to  a  foaming  water.  Wells 
states  that  on  the  Burlington  and  Missouri  River  Railroad  better 
results  are  obtained  with  incrusting  than  with  foaming  waters.  He 
also  recommends  the  use  of  limewater  as  a  substitute  for  caustic 
soda  to  remove  calcium  and  magnesium  from  alkaline  carbonate 
waters,  because  limewater  causes  no  addition  of  alkali  to  the  water. 
According  to  Wells,  a  moderate  amount  of  scale  serves  to  protect 
boilers,  and  this  impression  seems  to  be  gaining  ground  among 
engineers  who  are  compelled  to  use  hard,  alkali  sulphate  waters  for 
steaming. 

The  sulphate  water  used  in  the  boilers  of  the  Hoffmann  distillery, 
in  Anderson  County  (see  Table  14,  p.  201)  would  probably  form  hard 
scale  if  precautionary  measures  were  not  taken.  The  boilers  are 
cleaned  frequently,  care  being  taken  to  let  them  cool  before  washing 
them,  and  the  scale  is  easily  detached.  The  scale  is  not  allowed  to 
become  thick  or  to  bake  into  a  hard,  difficultly  removable  crust. 
The  water  from  this  well  was  used  continuously  during  two  long  runs 
aggregating  thirty-five  months,  and  affords  an  excellent  illustration 

•  Wells,  U.  E.,  Foaming  waters  and  scaling  waters  for  locomotive  boilers:  Eng.  News,  vol.  52,  1904, 
p.  198. 
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of  the  favorable  results  that  may  be  obtained  from  a  hard  water  if 
intelligent  care  is  exercised  in  its  use. 

ACTION   ON   BOILERS   OF  ORDINARY  CONSTITUENTS   OF  WATBB. 

Silica  and  iron  are  both  found  in  boiler  scale  and  may  be  regarded 
as  incrustants.  Silica,  however,  causes  very  little  trouble,  as  it  is 
present  in  water  in  very  small  quantities,  and  the  same  may  be  said  of 
iron,  although  iron  derived  from  corrosion  of  the  boiler  is  sometimes 
added  to  the  scale.  Aluminum  also  is  an  incrustant  present  in  most 
waters  in  quantities  so  small  that  it  is  not  necessary  to  consider  it; 
but  when  too  much  aluminum  sulphate,  a  substance  frequently  used 
as  a  coagulant  in  filtering  water,  is  added  in  the  process  of  filtering, 
the  excess  passes  tlirough  the  filter  and  may  cause  trouble  in  the 
boiler,  where  it  hydrolyzes,  forming  free  sulphuric  acid.  Sodium 
carbonate  will  correct  the  acidity  due  to  an  excess  of  aluminum  sul- 
phate, and  it  can  be  used  to  precipitate  the  aluminum  as  a  harmless 
solid.  Barium  carbonate  is  a  better  remedy,  but  it  is  too  expensive 
for  general  use.  Owing  to  the  poisonous  quahty  of 'barium  com- 
pounds, their  use  should  probably  be  restricted  to  waters  intended 
only  for  industrial  purposes. 

Calcium  is  the  chief  constituent  of  both  hard  and  soft  scale,  but  a 
water  containing  as  much  as  50  parts  per  miUion  of  calcium  may  be 
used  under  certain  conditions  without  bad  results.  Carbonate 
waters  containing  as  much  as  150  parts  of  calcium  per  million  might 
profitably  be  softened,  but  carbonate  waters  with  that  amount  of 
calcium  are  usually  also  high  in  sulphates  and  chlorides,  and  it  is 
doubtful  whether  such  waters  can  be  successfully  treated  for  boiler 
use. 

Magnesium  is  an  incrustant  appearing  in  boiler  scale  as  magnesium 
oxide,  hydroxide,  and  carbonate.  This  metal  accompanies  calcium 
in  waters,  but  the  calcium  usually  predominates.  Magnesium  can 
be  economically  removed  from  magnesic  carbonate  waters  containing 
less  than  60  parts  per  million  of  magnesium.  Magnesic  chloride  and 
sulphate  waters  are  highly  corrosive  because  they  are  easily  hydro- 
lyzed  in  tlie  boiler,  forming  respectively  free  hydrochloric  and  sul- 
phuric acids. 

Tlie  alkaU  metals,  sodium,  potassium,  and  lithium,  are  all  found 
in  water,  but  only  sodium  occurs  in  quantities  large  enough  to  merit 
consideration.  As  compounds  of  the  alkalies  are  readily  soluble  they 
can  form  no  permanent  scale,  but  on  the  other  hand  they  are  easily 
hydrolyzed,  forming  free  acids  which  corrode  the  iron.  Alkali  car- 
bonate and  alkali  sulphate  waters  have,  moreover,  a  tendency  to 
foam  and  thereby  interfere  with  the  uniform  production  of  steam. 
No  method  is  known  by  which  alkalies  may  be  economically  removed, 
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SO  that  their  presence  in  any  water  in  large  quantity  is  a  permanent 
detriment  to  its  use  in  boilers. 

The  bicarbonate  radicle  (HCOj)  in  carbonate  waters  is  usually 
related  to  calcium  and  magnesium.  These  metals  arc  supposed  to  be 
held  in  solution  by  the  bicarbonate  radiele,  appearing  respectively 
as  CaCHCOa),  and  MgCHCO,),.  When  a  calcic  magnesic  carbonate 
water  is  heated  the  equilibrium  of  the  two  soluble  constituents  is 
disturbed ;  carbon  dioxide  (CO,)  escapes  with  the  steam,  and  calcium 
carbonate  (CaCOj)  and  magnesium  carbonate  (Mg(X)3)  are  deposited. 
The  calcium  carbonate,  soon  after  it  is  formed,  becomes  crystalline 
and  incapable  of  adhering  firmly  to  hot  iron,  so  that  water  containing 
considerable  quantities  of  these  bicarbonates,  unaccompanied  by 
other  incrusting  constituents,  may  be  used  without  danger  of  forming 
a  hard  crust  on  the  boiler. 

Carbon  dioxide  (CO,),  whether  present  in  the  free  state  in  the 
water  or  released  by  the  decomposition  of  bicarbonates,  is  not  without 
corrosive  action  on  iron.  It  has  a  tendency  to  cause  pitting  of  the 
boiler,  so  that  highly  carbonated  waters  are  treated  more  effectively 
before  they  enter  the  boiler  than  afterwards.  Lime  water  added  in 
proper  quantity  to  carbonate  waters  eliminates  both  calcium  and 
magn^um  as  well  as  the  bicarbonate  radicle.  After  allowing  time 
enough  for  the  precipitate  to  settle,  the  softened  water  may  be  fed  to 
the  boiler.  Carbonate  and  bicarbonate  waters  of  the  alkalies,  that  is, 
waters  containing  the  carbonate  and  bicarbonate  radicles  in  equilib- 
rium with  sodium,  are  occasionally  found  in  Kentucky  and  in  other 
States  farther  west.  Wlien  these  waters  are  heated  the  alkaUne  car- 
bonates react  chemically  with  the  alkaline  earth  constituents,  caus- 
ing removal  of  the  latter.  Chlorides  in  water  are  simply  corrosive. 
Excessive  amounts  of  chlorides  are  undesirable,  and  waters  contain- 
ing over  100  parts  per  million  of  chlorine  are  unsuitable  for  boiler  use. 
Organic  matter  causes  foaming  and  sometimes  it  acts  corrosively. 
Its  corrosive  action  is  due  to  the  formation  of  free  organic  acids  to 
which  iron  is  susceptiible. 

Calcic  sulphate  waters  deposit  a  hard  scale,  the  chief  component 
of  which  is  calcium  sulphate.  Magnesium  sulphate  waters  are  objec- 
tionable because  they  not  only  corrode  the  boiler  by  producing  free 
sulphuric  acid  in  the  water,  but  they  also  deposit  magnesia  in  the 
scale,  thereby  increasing  its  hardness  and  making  it  very  refractory. 
As  sulphates  of  the  alkahes,  besides  hydrolyzing  and  causing  corrosion, 
also  induce  foaming  in  boilers,  large  quantities  of  such  sulphates  are 
undesirable.  No  perfectly  satisfactory  method  has  yet  been  devised 
for  removing  the  sulphate  radicle  from  waters  of  this  character. 

Deep-seated  waters  are  usually  so  highly  mineralized  that  they 
corrode  iron  rapidly  or  form  scale  in  boilers;  occasionally,  however, 
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such  waters  are  found  to  be  very  satisfactory.  The  water  from  a 
well  at  the  Lexington  station  of  the  Cincinnati  Southern  Railway 
(analyses  23  and  24,  p.  212)  affords  a  good  illustration  of  a  highly 
mineralized  deep  water  containing  also  correctives  of  hard  scale. 

This  water  was  found  on  analysis  to  contain  sufficient  calcium, 
magnesium,  and  sulphates  to  form  a  hard,  refractory  scale  under 
ordinary  conditions,  but  it  was  also  charged  with  carbonates  of  the 
alkalies.  The  analyst.  Dr.  Robert  Peter,  predicted  that  these  carbon- 
ates would  precipitate  the  incrustants  in  powdery  form,  thus  prevent- 
ing the  deposition  of  calcium  sulphate  as  a  hard  scale  on  the  boiler 
shell,**  and  his  assertion  that  the  water  could  be  used  in  boilers 
without  harmful  effect  was  verified  by  experience.  Another  example 
of  water  of  similar  character  is  furnished  by  the  well  at  Hope 
Mills.  This  well,  134  feet  deep,  yields  water  from  two  horizons, 
one  at  a  depth  of  65  feet  and  the  other  at  132  feet.  During  wet 
weather,  while  the  65-foot  stream  flows,  the  water  forms  hard  scale 
in  the  boilers;  during  dry  weather,  when  the  water  is  drawn  from 
the  lower  stratum,  the  scale  formed  is  soft.  The  water  from  the 
132-foot  vein  is  not  only  soft  but  is  said  to  loosen  boiler  scale  caused 
by  the  hard  water  from  the  upper  vein.  Water  from  a  well  at  Paint 
Lick,  in  Madison  County  (analysis  56,  p.  214),  though  much  more 
highly  mineralized  than  that  from  the  well  of  the  Cincinnati  Southern 
Railway  at  Lexington,  has  been  used  for  many  years  in  a  steam 
boiler  without  forming  much  scale.  The  presence  of  carbonates  of 
the  alkalies  in  the  water  at  Paint  Lick  probably  accounts  for  the 
small  amount  of  boiler  scale.  A  well  water  in  Gallatin  County 
(analysis  49,  p.  212)  illustrates  the  character  of  waters  found  in 
some  places  in  the  alluvium.  It  contains  16  parts  per  million  of 
sulphates — a  quantity  which  should  cause  little  trouble  in  boilers — 
and  it  carries  also  carbonates  of  the  alkalies  which  precipitate  the 
incrustants,  so  that  when  heated  the  water  should  completely  soften 
itself  and  should  form  no  bad  boiler  scale. 

CORRECTIVES   OF   SCALES. 

Hard  scales  formed  by  sulphate  waters  may  be  prevented  by 
treating  the  waters  with  certain  substances  which  precipitate  the 
incrusting  constituents  in  a  loose,  powdery  condition.  Sodium 
carbonate,  an  agent  frequently  employed  for  this  purpose,  precipi- 
tates the  calcium  as  calcium  carbonate,  which  forms  a  loosely 
adhering  scale  if  the  water  is  treated  after  it  enters  the  boiler. 
As  soda  ash  does  not  remove  the  sulphate  radicle,  the  presence  of 
which  is  imdesirable  in  boiler  water,  the  use  of  this  chemical  is  only  a 
partial  remedy  in  waters  naturally  forming  hard  scale.     Barium 

a  Peter,  Robert,  Well  water:  Geol.  Survey  Kentucky,  vol.  5,  new  ser.,  1880,  pp.  18S-190. 

Digitized  by  VjOOQIC 


INDUSTRIAL  USES  OF  WATER.  191 

chloride  may  be  used  instead  of  sodium  carbonate  in  the  treatment 
of  sulphate  waters.  Although  this  compound  causes  the  precipita- 
tion of  the  sulphate  radicle  in  a  form  that  does  not  produce  scale, 
it  leaves  chlorides  in  the  water,  and  owing  to  their  corrosive  action, 
high  chlorides  are  undesirable  in  boiler  waters.  Barium  carbonate 
is  especially  suited  for  removing  iron,  aluminum,  and  sulphates  from 
waters,  but  it  is  rather  too  expensive  for  general  use.  Hard  car- 
bonate waters  are  most  satisfactorily  softened  by  means  of  milk  of 
Ume,  which  precipitates  both  calcium  and  magnesium  in  powdery 
form. 

Not  imconmionly  scale  preventive  is  added  to  the  water  in  the 
boiler,  but  it  is  always  better  to  soften  water  in  tanks  before  it  enters 
the  boiler  and  to  allow  sufficient  time  for  the  precipitate  to  settle. 
Water  softened  in  this  way  is  used  to  better  advantage  in  making 
steam,  and  the  boiler  is  relieved  of  the  extra  duty  of  serving  as  a 
water-softening  plant. 

Many  specifics  for  preventing  and  removing  boiler  scale  are  on  the 
market,  some  of  them  being  helpful,  but  others  of  little  value,  though 
the  vendors  use  persuasive  arguments  in  presenting  the  merits  of 
their  wares.  Care  should  be  exercised,  however,  not  to  use  the 
wrong  kind  of  boiler  compound,  as  more  harm  may  be  caused  by  it 
than  by  the  untreated  water  itself. 

SOAP  MAKING. 

In  the  processes  most  commonly  used  soap  is  made  by  the  chemical 
action  of  soda  lye  (caustic  soda)  on  melted  fat.  The  soap,  being 
easily  soluble,  is  dissolved  by  water  as  soon  as  it  is  formed,  so  that 
a  fresh  layer  of  fat  is  exposed  uninterruptedly  to  the  soda-lye  solu- 
tion. The  value  of  soap  as  a  cleansing  agent  is  due  to  the  fact  that 
it  forms  in  water  a  solution  capable  of  producing  suds;  therefore 
anything  that  changes  soap  into  an  insoluble  substance  reduces  just 
80  far  its  value  as  a  cleansing  agent.  Hard  waters — calcium  and 
m^nesium  waters — produce  with  ordinary  soap  a  ciu'dy  precipi- 
tate of  calcium  and  magnesium  compoimds  that  are  insoluble  in 
water  and  incapable  of  forming  suds,  and  consequently  are  valueless 
as  cleansing  agents.  If  hard  water  is  used  in  soap  making  the  cal- 
cium and  magnesium  present  react  with  the  soap  as  soon  as  it  is 
formed,  making  an  abimdant  precipitate,  which  retards  the  further 
action  of  the  soda  lye  on  the  fat  and  wastes  soap.  The  precipitate 
will  continue  to  be  formed  at  the  expense  of  the  soluble  soap  imtil  the 
calcium  and  magnesium  in  the  water  are  entirely  removed.  Small 
quantities  of  the  hardening  constituents  of  water  can  decompose  a 
large  quantity  of  soap. 

One  requisite,  therefore,  for  a  large  yield  of  soap  is  soft  water.  If 
hard  water  is  the  only  kind  available  for  soap  making,  it  should  be 
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softened  before  use  in  the  works;  if  not  softened  beforehand,  it  wfll 
be  softened  afterwards  by  the  soap,  and  soap  is  an  expensive  water 
softener. 

Sodic  chloride  waters  are  undesirable  in  soap  making,  because 
soap  is  not  soluble  in  solutions  of  sodium  chloride,  and  briny  waters 
also  prevent  the  free  access  of  the  lye  to  the  melted  fat.  Indeed,  ad- 
vantage is  taken  of  the  insolubility  of  soap  in  brine  when  it  is  desired 
to  remove  the  soap  from  solution.  Salt  is  added  to  the  soap  solution 
and  the  soap  then  separates  out  as  a  solid  mass. 

Clear  water  must  be  used  in  the  manufactiu'e  of  soap.  Suspended 
matter  of  all  kinds  must  be  removed  from  the  water  by  filtration  to 
insure  the  production  of  a  piu-e,  fine-grained  product. 

LAUNDERING. 

The  development  of  the  steam-laimdry  industry  has  been  rapid 
in  recent  years,  and  public  service  of  this  character  is  becoming  more 
and  more  general.  The  most  important  laundry  supplies  are  water 
and  soap,  for  the  combined  cost  of  all  other  materials  consumed  in 
scouring,  brightening,  and  sizing  is  less  than  the  total  cost  of  soap 
and  water.  The  prudent  launderer  buys  high-grade  soap,  because 
he  knows  that  not  only  are  better  results  obtained  with  soap  of  good 
quality  than  with  that  of  inferior  grade,  but  also  that  his  soap  bill  is 
correspondingly  reduced.  It  is  just  as  important  in  laundering  to  use 
water  of  good  quality  as  it  is  to  use  good  soap.  The  water  should  be 
clear,  soft,  and  free  from  iron  and  suspended  matter.  If  the  water  is 
muddy  or  turbid  it  must  be  filtered  before  it  <*an  be  used. 

After  the  goods  are  received  at  the  laimdry  they  are  soaked  in  cold 
water  for  a  short  time  to  remove  stains  and  loosen  the  starch.  At  the 
end  of  the  soaking  period  steam  is  admitted  to  raise  the  water  to  the 
boiling  point,  the  necessary  quantity  of  soap  is  added,  suds  are 
formed,  and  the  washing  begins.  If  the  water  is  hard  a  wasteful 
expenditure  of  soap  takes  place  at  this  stage.  The  calcium  and  mag- 
nesium in  solution  react  with  the  fat  acids  of  the  soap,  precipitating 
the  insoluble  curdy  soaps  of  calcium  and  magnesium.  No  suds  are 
formed,  and  the  whole  operation  of  cleansing  is  delayed  until  the 
calcium  and  magnesium  are  completely  precipitated. 

The  loss  of  soap  is  not  the  only  evil  effect  of  hard  water.  The 
precipitated  earthy  soaps  act  as  coagulants,  seizing  mechanically 
upon  impurities  which  are  thus  often  deposited  on  the  fiber  of  the 
goods.  These  plasters  adhere  to  the  goods,  appearing  finally  as 
greasy  spots  on  the  laundered  material.  Hard  water  is  therefore 
undesirable  for  laundry  use,  economically  as  well  as  eesthetically. 

The  water  used  in  all  stages  of  the  cleansing  process  must  be  as  free 
as  possible  from  iron,  as  brown  stains  on  the  finished  product  are 
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likely  to  result  from  the  use  of  water  containing  iron  to  the  extent  of 
even  one  part  per  million. 

The  hardness  due  to  calcium  and  magnesium  bicarbonates  may  be 
removed  by  a  judicious  use  of  lime  water,  but  the  permanent  hardness 
is  not  reduced  in  this  way.  Soda  ash  (sodium  carbonate)  is  well 
suited  for  this  purpose,  and  may  be  applied  after  the  water  has  been 
ti-eated  with  lime.  Hardness  due  to  compounds  of  calcium  and  mag- 
n^iiun  other  than  the  bicarbonates  is  thus  removed.  After  suflBcient 
time  has  been  allowed  for  settling  the  clear  water  may  be  used  for 
washing.  The  tendency  of  waters  containing  alkalies  to  foam  in  boil- 
ers— a  feature  that  makes  carbonates  of  these  metals  so  undesirable 
in  feed  water — is  of  decided  advantage  to  the  laundry  water.  Car- 
bonates of  the  alkalies  are  said  to  'Hhicken^'  the  soap,  increasing  its 
power  to  emulsify  oily  material,  thus  adding  to  its  cleansing  qualities. 
For  this  reason  the  usual  practice  is  to  add  sodium  carbonate  to  the 
water  with  the  soap  merely  to  strengthen  the  soap. 

The  hardness  of  water  is  usually  expressed  as  parts  per  million  by 
weight  of  calcium  carbonate;  water  having  a  hardness  of  100  parts 
per  million,  for  instance,  is  understood  to  be  water  containing  100 
pounds  of  calcium  carbonate  in  1,000,000  pounds  of  water.  Theo- 
retically 100  pounds  of  calcium  carbonate  require  for  removal  61 
pounds  of  high-grade  commercial  quicklime,  112  pounds  of  soda  ash,  or 
860  pounds  of  soap.  Assuming  the  cost  of  these  reagents  to  be,  quick- 
lime, 0.3  cent;  soda  ash,  1.25  cents;  and  soap,  5  cents  per  pound,  the 
cost  of  softening  a  quantity  of  water  containing  100  pounds  of  calcium 
carbonate  would  be,  with  quicklime,  $0.18;  with  soda  ash,  $1.40;  with 
soap,  $43. 

Whipple**  has  experimented  on  waters  of  different  degrees  of  hard- 
ness to  determine  their  effect  on  the  quantity  of  soap  used  in  bathing 
and  for  general  household  purposes.  He  finds  that  1  pound  of  the  aver- 
age soap  used  in  the  household  will  soften  167  gallons  of  water  having 
a  hardness  of  20  parts  per  million.  This  is  equivalent  to  about  5,990 
pounds  of  soap  per  million  gallons,  which,  at  a  cost  of  5  cents  a  pound, 
would  amount  to  $300  per  million  gallons.  He  also  finds  that  the 
cost  increases  about  $10  per  million  gallons  of  water  softened  for  each 
increase  of  one  part  per  million  of  hardness. 

It  is  often  asked  whether  the  quantity  of  soap  consumed  by  a  hard 
water  is  an  item  of  expense  worthy  of  serious  consideration  in  laun- 
dries, which  require  daily  many  thousands  of  gallons  of  water  in  which 
soap  is  used.  This  question  is  best  answered  by  a  practical  illustra- 
tion. Let  it  be  assumed  that  a  laundry  is  using  daily  10,000  gallons 
of  water  having  a  hardness  of  96  parts  per  million — the  average  hard- 

a  Whipple,  Of.  C,  Thfi  value  of  pure  water:  Wiley  &  Sons,  1907,  p.  24. 
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ness  of  Kentucky  River  below  Tyrone.  According  to  Whipple's 
experiments,  the  hard  water  causes  a  loss  of  average  soap  amounting 
to  about  $10.70  a  day.  In  three  hundred  working  days  the  annual 
consumption  of  soap  by  the  hard  water  alone  would  amount  to  S3,210. 
If,  however,  the  water  were  previously  softened  with  lime  to  reduce 
its  hardness  to  30  parts  per  million  (the  average  permanent  hardness 
of  the  river),  then  the  daily  cost  of  soap  consumed  by  the  laundry 
water  would  be  only  $4.10.  After  adding  to  this  amount  1  cent  for 
the  lime  required  for  the  softening,  the  total  daily  cost  of  the  partly 
softened  water  becomes  approximately  $4.1 1.  This  partial  softening 
of  the  water,  therefore,  results  in  a  saving  of  soap  cost  of  $6.59  a  day, 
or  a  total  annual  saving  of  $1,977.  No  claim  is  here  made  for  the 
absolute  accuracy  of  these  figures  in  estimating  the  cost  of  softening 
water.  The  size  and  capacity  of  the  softening  plant,  cost  of  labor  and 
fuel,  attendance  at  the  works,  difficulties  arising  from  turbidity,  vari- 
able content  of  magnesium,  and  other  conditions  of  the  water  to  be 
softened,  must  be  considered.  The  computations  indicate,  however, 
that  there  is  much  room  for  economy  by  softening  the  water  before 
its  use,  and  they  suggest,  moreover,  the  practicability  of  installing 
mechanical  devices  to  make  the  natural  water  more  economical  in 
its  consumption  of  soap. 

ICE  MANUFACTURE. 

The  rapid  gain  in  popular  favor  which  artificial  ice  has  made  in  this 
country  in  recent  years  is  shown  by  the  reports  of  the  United  States 
Census.  In  1870  there  were  in  the  United  States  only  four  ice  facto- 
ries, with  a  total  capitalization  of  $434,000,  and  the  total  ice  output  for 
that  year  was  valued  at  $258,250.  In  1905  reports  were  recived  from 
1,320  establishments,  indicating  a  capitalization  of  $66,592,001,  and 
the  total  output  of  ice  was  valued  at  $23,790,045.  These  figures  do 
not  include  163  establishments  engaged  primarily  in  manufacturing 
other  products,  which  are  reported  to  have  made  $1,899,912  worth 
of  ice. 

It  is  important  that  the  water  used  in  the  manufacture  of  ice  for 
household  purposes  and  for  cooling  beverages  should  meet  all  the 
requirements  of  potable  water  in  respect  to  cleanliness  and  freedom 
from  organic  matter  and  disease  germs.  Most  American  manufac- 
turers use  distilled  water  in  making  ice,  in  order  to  get  a  pure,  trans- 
parent product. 

Two  systems  are  employed  in  making  artificial  ice  in  this  country. 
These  are  the  can  and  the  plate  systems.  Though  cakes  of  ice  frozen 
from  impure  water  by  the  can  system  may  be  for  the  most  part  clear, 
the  center  of  the  block  is  likely  to  be  opaque.  Drown"  has  shown 
that  the  interior  of  the  block  contains  most  of  the  impiuities  that 


a  Prown,  T.  M.,  Ann.  Kept.  Massachusetts  Slate  Bpard  pf  llealth,  1892,  p.  592, 
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were  originally  distributed  through  the  water.  At  a  certain  ice 
factory  known  to  the  writer  the  core  containing  the  concentrated 
impurities  is  cut  from  the  block  and  allowed  to  melt,  and  the  liquid 
product  is  served  to  the  employees  as  a  preventive  of  intestinal  dis- 
orders!    It  is  needless  to  say  that  this  ice  factory  is  not  in  Kentucky. 

In  the  plate  system,  which  is  becoming  more  and  more  popular  in 
this  country,  it  is  not  necessary  to  use  distilled  water  in  order  to 
obtain  clear  ice  if  suitable  appliances  are  installed  to  prevent  the 
occlusion  of  air  and  solid  particles.  Though  it  is  true  that  the 
greater  part  of  the  bacteria  and  mineral  matters  in  the  raw  water  are 
excluded  from  the  frozen  plate,  there  is  insufficient  groimd  for  assum- 
ing that  perfectly  harmless  ice  can  be  made  directly  from  dangerously 
polluted  water.  And  while  it  may  be  conceded  that  water  pure 
enough  for  drinking  is  pure  enough  for  making  ice,  it  is  nevertheless 
true  that  too  much  dependence  should  not  be  placed  upon  the  natural 
purifying  i>owers  of  the  freezing  process. 

Water  serves  another  purpose  in  the  ic^  factory  beside  that  of 
being  the  raw  material  for  the  ice  and  the  steam.  Much  heat  is 
absorbed  by  the  ammonia  which  has  been  used  for  freezing  the  water, 
and  advantage  is  taken  of  the  cooling  effect  of  water  to  assist  in 
recovering  the  exhaust  ammonia  for  subsequent  use.  In  the  compres- 
sion system  the  pipes  containing  compressed  gaseous  ammonia  are 
surroimded  by  ox)ld  water  constantly  flowing  in  large  tanks,  or  the 
cold  water  is  sprinkled  directly  upon  the  ammonia  pipes.  In  both 
processes  the  water  absorbs  heat  from  the  ammonia,  changing  it 
from  the  gaseous  to  the  liquid  form.  Water  charged  with  incrust- 
ants  deposits  on  the  hot  ammonia  pipes  a  scale  closely  resembling  the 
scale  formed  by  the  same  water  in  a  boiler.  Sometimes  this  scale 
is  very  hard  and  tenacious,  and  if  it  is  allowed  to  remain  on  the 
pipes,  it  may  become  so  thick  as  practically  to  nuUify  the  cooling 
effect  of  the  water. 

BREWING  AND  DISTILLING. 

The  water  used  in  breweries  shoidd  receive  careful  attention, 
because  the  quality  of  the  beer  depends  largely  upon  the  quality  of 
the  water:  In  general,  a  good  potable  water,  free  from  color,  odor, 
and  decomposing  organic  matter  may  be  used  to  advantage  for  brew- 
ing. Clean  water  is  indispensable  in  a  brewery.  Waters  polluted 
with  sewage  or  putrefactive  bacteria  shoidd  be  avoided,  for  they 
prevent  the  beer  from  keeping  well  and  give  it  a  disagreeable  taste. 
Great  care  must  also  be  taken  to  use  f>erfectly  clean  water  in  washing 
the  kegs  and  barrels  in  which  the  beer  is  to  be  stored.  Organic  mat- 
ter in  the  water  is  objectionable,  as  it  is  likely  to  promote  the  growth 
of  mold  in  the  barley,  thus  preventing  a  proper  development  of 
diastase  in  the  malted  grain.     In  the  later  stages  of  the  brewing 
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process  organic  matter  in  the  water  is  undesirable,  because  it  not 
only  lessens  the  activity  of  the  yeast,  but  also  forms  putrefaction 
products  that  seriously  affect  the  quaUty  of  the  beer. 

Water  used  in  brewing  should  be  as  free  as  possible  from  iron, 
which  combines  directly  with  diastase,  forming  an  insoluble  com- 
pound and  thus  reducing  the  efficiency  of  the  ferment;  moreover, 
iron  waters  impart  an  unpleasant  taste  to  the  beer.  Iron  may  be 
removed  from  water  easily  and  cheaply  by  forcing  air  through  the 
water  and  then  filtering  it  through  sand  and  gravel.  The  iron 
hydroxide,  which  is  precipitated  by  the  aeration,  is  retained  com- 
pletely on  the  filter.  Sodic  chloride  waters,  if  not  too  strong,  favor 
the  development  of  diastase  and  are  therefore  of  decided  advantage 
in  malting.  Magnesic  chloride  waters  act  similarly.  On  the  other 
hand,  calcic  chloride  waters  are  to  be  avoided  because  they  retard 
the  development  of  yeast.  Calcic  and  magnesic  sulphate  waters, 
which  are  undesirable  for  boiler  supplies,  soap  works,  and  certain 
other  industries,  are  of  distinct  advantage  to  the  brewer.  Such 
waters  assist  the  development  of  the  yeast  and  produce  beers  of  agree- 
able flavor  and  good  keeping  quaUties.  Soft  waters  dissolve  from 
the  hops  a  resin  which  darkens  the  color  of  the  beer.  Calciimi  sul- 
phate waters  do  not  dissolve  hop  resin,  and  thus  produce  a  light-colored 
beer.  Many  brewers  who  have  no  supply  of  natural  calcium  sid- 
phate  waters  treat  with  calcium  sulphate  the  waters  used  in  fer- 
mentation, regulating  the  quantity  of  the  mineral  to  the  kind  of  beer 
to  be  brewed. 

Table  9  shows  the  amoimts  of  some  of  the  important  constituents 
in  the  waters  used  in  brewing  three  famous  kinds  of  beer — the  light 
Burton  ales,  the  dark  Dublin  porters,  and  the  beer  of  the  Hofbrauhaus 
in  Munich.  Probably  the  chemical  composition  of  the  water  supplies 
influences  the  essential  characteristics  of  these  beverages. 

Table  9. — Composition  of  waters  used  for  brewing, 
[  Parts  per  million.] 


Iron(Fe) 

Calcium  (Ca) 

Magnesium  (Mg) , 

Sulphate  (radicle  (SO4). 
Chlorine(Cl) 


Burton-on- 1    r»,,Kii« 

Trent,         2H^"3» 

England.  |    ^^^^^' 


Munich. 
Germany. 


Tracp. 


53 
55 
S5 


In  distilleries  the  malting  and  fermenting  processes  are  carried 
much  farther  than  in  brewing.  What  has  been  said  regarding  the 
effects  produced  by  waters  of  different  kinds  in  brewing  applies 
with  equal  force  to  the  corresponding  processes  in  a  distillery;  but 
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since  the  object  Of  the  distiller  is  to  get  the  largest  possible  yield 
of  alcohol  from  tlie  grain,  it  is  important  that  the  water  used  in  the 
fermentation  vats  should  contain  in  proper  quantities  only  those 
substances  which  are  favorable  to  a  vigorous  growth  and  a  high 
eflBciency  of  the  yeast  plant.  The  waters  of  the  Blue  Grass  region, 
which  have  long  been  recognized  as  being  specially  suited  for  making 
whisky,  also  produce  beer  of  superior  grade. 

COMPARATIVE  HARDNESS  OF  BLUE  GRASS  WATERS, 

Economically,  hardness  is  an  important  quality  of  water,  whether 
it  is  used  industrially  or  in  the  household.  The  chief  difference 
in  the  character  of  the  hardness  of  underground  and  river  waters  of 
the  Blue  Grass  region  lies  in  the  excessive  alkalinity  of  the  ground 
water,  while  the  permanent  hardness  of  the  water  in  the  lower  part 
of  Kentucky  River  and  in  Ohio  River  at  Cincinnati  closely  approxi- 
mates the  permanent  hardness  of  the  waters  of  the  I^exington  lime- 
stone and  of  the  alluvial  deposits.  The  hardness  of  16  waters  from 
springs  and  shallow  wells  occurring  in  the  I^exington  limestone  and 
from  7  wells  in  the  alluvium  of  Ohio  and  Licking  rivers  is  shown  in 
Tables  10  and  11.  The  alkalinity  was  determined  in  the  regular 
course  of  analysis,  while  the  permanent  hardness  has  been  calculated 
from  the  amounts  of  calcium  and  magnesium  in  the  form  of  salts 
other  than  carbonates.  The  figures  indicate  that  the  alluvial  waters 
are  somewhat  harder  than  the  waters  of  the  Lexington  limestone, 
both  in  respect  of  permanent  hardness  and  of  alkalinity. 

Table  10. — Hardness  of  the  water  from  springs  and  shallow  wells  in  Lexington  limestone 
[ Parts  per  mlllioii  as  CaCOj.    Analyst,  Chase  Palmer.] 


No. 


County. 


LocaUty. 


Owner. 


Source. 


Anderson... 

...do 

Fayette 

...do 

...do , 

...do I 

...do 

...do i 

...do 

...do 

...do I 

...do I 

..do ! 


Tyrone, 
.do. 


Lexington. .. 

do 

....do 

....do 

....do 

....do 

....do 

....do 

.do. 

.do. 


66     Scott. 
68   do. 


74 


Woodford... 
Average. 


do j  Pettit. 

Georgetown...!  Askew 

Stamping     Distillery. 

Ground.        | 
Versailles Brodhead. 


Ed.  Kane 

Aug.  Belmont 

Boioe  Gr»gan  Co 

W.W.Estill 

W.M.  Field 

Harkness 

Mrs.  Israel 

Lexington  Brewing  Co. 

J.  E.  Pepper 

.do 


I 


Spring, 
.do. 


WeU... 

Spring. 

WeU... 

.do. 


Spring. 
...do. .. 
Well... 
...do... 
Spring. 
WeU... 
...do... 
...do... 
Spring. 

WeU... 


Alka- 
Unity. 


Perma- 
nent 
hard- 


224  I 

226  ' 

189 

234 

286 

295 

136 

189 

232 

233 

194  I 

238 

166 

197  ; 
177 

198  I 


24 


213 


27 


Total 
hard- 
ness. 


246 
261 
222 
258 
323 
341 
156 
195 
250 
251 
208 
278 
206 
238 
186 

222 


•  These  numbers  refer  to  the  numbers  of  the  analysis  in  the  table  on  pp.  212-215,  from  which  additional 
details  may  be  obtained. 
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Table  11. — Hardness  of  water  from  alluvial  well$. 
[  Parts  per  million  as  CaCOs.    Analyst,  Chase  Palmer.] 


No. 


County. 


Boone 

Bracken.. 


.do., 


Carroll 

Gallatin... 

Kenton 

Trimble... 

Average. 


Locality. 


Owner. 


Petersbmpg 

Augusta 


.do. 


Boone  County  Distillery. 
Electric  Light  Co 


Steam  laundry. 


Carrollton Furniture  Coctory — 

Warsaw ' do 

Covington I  Cincinnati  Ice  Co 

Melton Richwood  Distillery  . 


Source. 


90  ft.  well.. 
90  and  50 

ft.  wells. 
80  and  60 

ft.  wells. 

WeU 

...do 

...do 

...do 


Allca- 
Unity. 

Permar 
nent 
hard- 
ness. 

Total 
hard- 
ness. 

236 

43 

278 

361 

56 

416 

287 

20 

307 

306 

28 

334 

296 

0 

296 

332 

61 

3S3 

235 

23 

^8 

293 

31 

334 

a  These  numbers  refer  to  the  analysis  numbers  in  the  table  on  pp.  212-215,  to  which  reference  is  made  tor 
further  detalte. 

The  following  table  gives  the  amounts  of  hardening  constituents 
found  in  Ohio  River  water  at  Cincinnati  under  varying  conditions 
and  at  different  stages  of  the  river: 

Table  12. — Hardness  of  water  from  Ohio  River  at  Cincinnati,  Ohio. 
[Parts  per  million  as  CaCOs.] 


Authority. 


0.  W.  Fullero. 

Do« 

J.W.  Ellms... 
Do 


Average. 


C'Ondltlons. 


Alka- 
linity. 


!  Perma- 
nent 
hard- 
ness. 


Total 
hard- 


Normal  for  1898 

Average  (March  13-April  25)  1899. 

March  21, 1902  (high  water) 

September  16, 1902  (low  water).. . . 


45 

33 

40 

20 

21 

21 

•72 

41 

44 

31 

78 
69 
43 

113 


a  Purification  of  the  Ohio  River  water,  Cincinnati,  1809,  p.  493. 

During  the  period  from  August,  1903,  to  June,  1904,  the  waters  of 
Kentucky  River  were  studied  by  the  writer  at  monthly  intervals 
Eight  stations  were  established  along  the  river  at  convenient  shipping 
points,  the  highest  station  being  at  Jackson,  in  Breathitt  County,  and 
the  lowest  at  Worthville,  in  Carroll  County.  The  collections  at  all 
stations  were  made  from  midstream  except  those  at  the  Government 
locks  at  Highbridge,  Tyrone,  and  Frankfort.  The  samples  from  the 
waterworks  at  Frankfort  were  collected  at  the  intake.  In  this  way  it 
was  sought  to  secure  typical  samples  of  the  river  water  from  its  head 
waters  in  Breathitt  County  along  its  entire  course. 
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Table  13. — Average  hardness  of  water  from  Kenliwky  River  y  August  SO,  190S,  to  June  3, 

1904. 

[Parts  per  million  as  CaCOs.] 


'   Perma- 
Alkalin-       nent 
Ily.  hanl- 


Total 
hard- 
ness. 


Jicksoodl  months) 32  18  50 

B«ttyTiUe  (11  months) 33  19  I  M 

Inrine(  11  months) 36  26  62 

Highbridee,  Lock  No.  7  (9  months) .^i.^  ,  27  82 

Tjrrone.  Lock  No.  5  (9  months) 67  |  33  100 

Fiinkfort  waterworks  (10  months) 66  31  97 

Frankfort,  Lock  No.  4  (10  months) ;  66  1  30  96 

WorthvUte  (11  months) 67  30  97 


During  the  same  period  a  similar  study  was  made  of  the  quality  of 
the  headwaters  of  Dix  River  at  Gimi  Sulphur  in  Rockcastle  County, 
showing  alkalinity,  78;  permanent  hardness,  18;  and  total  hardness, 
96  parts  per  million  as  CaCO,. 

The  progressive  increase  both  in  alkalinity  and  in  permanent  hard- 
ness in  the  water  of  Kentucky  River  from  the  mountains  at  Jackson 
until  after  it  passes  Irvine  is  noteworthy.  The  initial  alkalinity  of 
Dix  River  at  its  source  in  the  upland  of  Rockcastle  Coimty  is  higher 
than  the  alkalinity  of  Kentucky  River  at  any  point  in  its  course,  and 
the  sudden  increase  in  the  alkalinity  of  Kentucky  River  at  High- 
bridge  is  probably  due  largely  to  the  mingling  of  the  more  highly  alka- 
line waters  of  Dix  River,  which  enters  Kentucky  River  a  short  dis- 
tance above  the  lock  at  that  place.  Dix  River  is  evidently  an  im- 
portant factor  in  determining  the  mineral  character  of  the  water  of 
lower  Kentucky  River,- because  the  new  degree  of  permanent  hardness 
and  alkalinity  acquired  by  Kentucky  River,  shown  by  the  results  at 
Tyrone,  remains  practically  constant  throughout  the  rest  of  its  course 
in  the  Blue  Grass  region  until  the  Kentucky  unites  with  the  Ohio. 

FIEIJ>  ASSAYS  OF  WATER. 

During  the  spring  of  1905  a  series  of  assays  of  water  from  wells  and 
springs  in  the  Blue  Grass  region  was  undertaken  to  obtain  general 
information  concerning  the  industrial  value  of  the  underground  waters 
in  the  district.  An  assay  of  water  is  not  a  complete  chemical  analysis, 
because  the  determinations  in  an  assay  are  confmed  mainly  to  those 
constituents  which  are  regarded  as  having  an  important  bearing  on 
the  fitness  of  a  water  for  special  purposes.  The  methods  used  in 
making  the  assays  are  in  general  those  devised  for  the  U.  S.  Geological 
Survey  by  Leighton.<» 

aLeighton,  H.  O.,  FteW  assay  of  water:  Water  Supply  Paper  I'.  S.  Geol.  Survey  No.  151,  1905. 
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Field  determinations  of  the  constituents  of  waters  are  not  altogether 
a  novelty.  As  early  as  1854  Dr.  David  Dale  Owen,  director  of  the 
first  Geological  Survey  of  Kentucky,  made  many  tests  of  waters  in  the 
field.  Recognizing  at  that  early  period  the  importance  of  gaining 
positive  information  concemmg  the  water  resources  of  the  Common- 
wealth, he  provided  himself  with  chemicals  and  apparatus  for  making 
quick  tests  of  water.  He  carried  these  with  him  on  his  expeditions, 
and  was  thus  enabled  to  ascertain  on  the  spot  the  important  charac- 
teristics of  many  waters  of  the  State.  In  this  way  a  much  wider 
area  was  covered  than  would  otherwise  have  been  possible,  and 
though  the  field  examinations  were  merely  qualitative,  much  infor- 
mation concemmg  the  waters  of  Kentucky  was  obtained  at  a  mini- 
mmn  cost. 

When  the  samples  of  water  were  taken  by  the  writer  for  field  assay, 
the  records  of  the  wells  were  obtained  and  as  much  information  as 
possible  was  gathered  concerning  the  character  of  the  rock  through 
which  the  borings  were  made.  Seven  coimties  in  the  Blue  Grass  re- 
gion were  visited,  and  the  results  of  the  assays  made  in  these  counties 
are  given  in  Table  14.  The  estimated  incrustants  probably  approxi- 
mate the  total  incrustants  in  these  waters.  Considering  the  sulphates 
as  forming  hard  scale,  these  waters  are  classified  in  a  general  way  ac- 
cording to  a  scale  suggested  by  the  American  Master  Mechanics'  As- 
sociation for  classifying  waters  for  locomotives  boilers.  Though  this 
classification  has  not  been  generally  adopted,  it  serves  fairly  well  as  a 
means  of  judging,  within  tolerably  wide  limits,  the  fitness  of  a  water 
for  steam  making.  The  classification  refers  in  no  wise  to  the  value 
of  these  waters  for  ordinary  domestic  purposes. 

Clamficaiion  of  waters, 
Incrustantfi: 

Below  250  parte  per  million Good. 

250  to  350  parts  per  million Fair. 

350  to  500  parte  per  million Poor. 

500  to  700  parte  per  million Bad. 

Of  the  60  waters  represented  in  the  table  of  assays,  25  are  desig- 
nated good,  18  fair,  16  poor,  and  only  1  water  is  apparently  so 
highly  mineralized  as  to  be  considered  unsuitable  for  boiler  service. 
These  results  indicate  that  the  waters  in  the  region  covered  by  the 
investigation  are  fairly  good  for  industrial  uses,  and  that  with  pre- 
liminary treatment  they  may  profitably  be  softened  so  as  to  yield 
favorable  results  in  steam  boilers. 
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MEDICINAIi  WATERS. 

GENERAL  CHARACTERS. 

B^ntucky  has  long  been  famous  for  the  number  and  great  variety 
of  its  mineral  springs,  many  of  which  are  located  in  and  about  the 
Blue  Grass  region.  A  few  of  the  well-known  medicinal  waters  of 
central  Kentucky  deserve  special  mention. 

Bromide  waters  have  been  recommended  as  sedatives  and  have 
been  used  successfully  in  the  treatment  of  epilepsy  and  ulcerous 
affections.  Iodine  is  a  more  active  alterative  than  bromine,  though, 
like  bromine,  iodine  is  never  present  in  waters  in  large  quantities. 
Iodide  waters  often  produce  rapid  cures  and  find  extensive  appUcation 
in  the  treatment  of  a  wide  range  of  chronic  diseases.  The  Lower 
Blue  Liick  spring  waters  and  several  other  iodide  waters  acquired 
fame  for  the  cure  of  goitre,  scrofula,  and  other  diseases  long  before  it 
was  known  that  they  contained  iodine.  Bromine  and  iodine  impart 
to  water  such  valuable  medicinal  quaUties  that  a  list  of  well-known 
springs  containing  these  elements  is  given  here  for  comparison  with 
some  of  the  medicinal  waters  of  Kentucky. 

Table  15. — Bromine  and  iodine  in  water  from  various  sources, 
[Parts  per  million.] 


Deep  seft  water 

Artnge  ocean  water 

Omgnsa  Spring,  Saratoga,  N.  Y ; 

fhampkm  Spring.  Saratoga,  N.  Y *. 

FrankUn  Uthia,  Ballston,  N.  Y / 

Sans  Sood,  Bailston,  N.  Y 

Jordan  Atom,  Va * 

locUn  Spring,  W.  Va : 

Brown^  Mamesian  Well,  Independence,  Rons. 

Kreoxnack,  Germany 

Kisringen,  Bitterwasser,  Germany 

Lower  Blue  Lick,  Ky /: 

I'pper  Blue  Lick.  Ky r 

Salt  Sulphur  Spring,  0l3rmpian  Springs,  Ky .  «^. 


Bromine,  i  Iodine. 


2,077  I 

414  t 

115  I  2 

48  3.2 

48  1.7 

20 

10 

11  11 

182  ;  1 

200  .9 

.99  I 

23  {  .14 

51  I  .13 

13  I     Traces. 


Sulphur  waters  are  important  medicinal  agents,  the  sulphur 
obtained  from  them  having  a  powerful  effect  on  the  hver,  the  mucous 
membranes,  and  the  skin.  An  admirable  description  of  the  thera- 
peutics of  sulphur  waters  is  given  by  Schweitzer,^  who  recognizes 
that  the  value  of  a  sulphur  water  as  a  curative  agent  depends  largely 
on  the  character  of  the  sulphur  compounds  present.  Free  hydrogen 
sulphide,  although,  on  account  of  its  disagreeable  odor,  the  most 
prominently  noticeable  sulphur  constituent  of  water,  appears  inca- 
pable of  entering  the  circulation,  and  leaves  the  body  without  having 
produced  any  material  effect;  on  the  other  hand,  the  sulphides  of 
the  alkaUes  are  readily  taken  up  by  the  blood,  where  they  release 

a  Schweitzer,  P.,  Geol.  Survey  Missouri  Rept.,  vol.  3,  p.  36. 
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hydrogen  sulphide,  which  under  these  conditions  produces  a  powerful 
effect  upon  the  entire  system.  In  a  medicinal  sulphur  water,  there- 
fore, the  sulphur  should  be  associated  with  elements  other  than 
hydrogen.  The  Blue  Lick  waters  of  Kentucky  and  the  Stachelbei^ 
waters  of  Switzerland,  to  both  of  which  reference  is  made  in  the  fol- 
lowing pages,  are  types  of  medicinal  sulphur  waters. 

CRAB  ORCHARD  SPRINGS. 

Sulphate  waters  are  very  common  in  the  Blue  Grass  region.  When 
they  are  strongly  sulphated,  and  are  also  highly  charged  with  mag- 
nesium, such  waters  acquire  decidedly  medicinal  properties.  Waters 
of  this  kind  abound  at  Crab  Orchard,  in  Lincoln  County,  and  for  this 
reason  the  Crab  Orchard  Springs  have  maintained  their  popularity 
as  a  health  resort  for  more  than  half  a  century.  The  composition  of 
the  water  from  Sowder^s  Spring  was  determined  by  Dr.  Robert 
Peter.*  It  is  analogous  to  that  of  the  world-famous  water  at  Cark- 
bad,  Bohemia.  The  following  comparative  table  shows  the  compo- 
sition of  these  two  waters.  The  Carlsbad  water  is  somewhat  weaker 
than  the  Crab  Orchard  water,  and  it  is  also  deficient  in  magnesium,  to 
which  the  special  virtue  of  the  American  spring  may  be  attributed. 

Table  16. — Composition  of  water  from  Sowder's  Spring^  Crab  Orchard,  Ky.,  and  from 
the  Sprudel  Spring,  Carlsbad,  Bohemia. 

[Parts  per  milllon.a] 


1  Sowder's 
I  (Peter). 


SUIca(8l0i) I  12 

Iron(Fe) Trace. 

Aluminium  ( Al) 

Calclum(Ca) .--  664 

Magnesium  (Mg) 


Jium(Na)..~. 
i(K). 


Spradel 
(Oottl.). 


1,159 


Potassium 

Bicarbonate  radicle  (HCOs) 

Sulphate  radicle  (SCO 3,666 

Phosphate  radicle  (POO ' 

Chlorine  (01) 606 

Bromine  (Br) Trace. 


144 

L9 
&4 
110 
16 
1,874 


134  23 


1,8 

1,888 

23 

724 


7,153  ,      6,661 


o  Obtained  by  computation  to  ionic  form;  results  originally  stated  in  hypothetical  combinations. 

The  action  of  the  Crab  Orchard  waters  is  analogous  to  that  of  a 
simple  solution  of  magnesium  sulphate  (Epsom  salt),  which  is  a  strong 
cathartic.  Physicians  found  in  practice,  at  an  early  date,  that  the 
waters  from  these  springs  are  not  so  severe  in  their  effects  as  mag- 
nesium sulphate  alone;  they  act  rather  as  laxatives  than  as  purga- 
tives. It  appears  that  the  other  constituents  present  in  the  natural 
waters  so  temper  the  magnesium  and  the  sulphates  as  materially  to 

a  Kentucky  Geol.  Survey,  1857,  vol.  2,  p.  239. 


Digitized  by  VjOOQIC 


MEDICINAL  WATERS.  205 

reduce  their  activity.  Owing  to  the  mildness  of  their  action,  the 
epsom  spring  waters  are  applicable  to  the  treatment  of  a  greater 
variety  of  diseases  than  is  the  case  with  the  simple  solution  of 
magnesium  sulphate. 

The  epsom  spring  waters  of  Crab  Orchard  have  been  used  exten- 
sively in  the  manufacture  of  salts  at  one  time  sold  as  a  cathartic. 
The  composition  of  the  salts  fromSowder's  Spring,  as  determined  by 
Dr.  Robert  Peter,  ^  shows  the  general  character  of  the  salts  obtainable 
from  the  epsom  springs  of  this  locality. 

Composition  of  salts  from  Sowder's  Spring. 

Magnesium  sulphate 63. 19 

Sodium  sulphate 4. 20 

Potassium  sulphate 1. 80 

Calcium  sulphate 2. 54 

Sodium  chloride 4.  77 

Calcium,  magnesium,  and  iron  carbonates  and  silica 89 

Bromine Trace. 

Waste  and  loss 22.61 

100.00 
KIDDVILLE  EPSOM  WATER. 

A  magnesic  water  bearing  a  close  resemblance  to  the  epsom  waters 
at  Crab  Orchard  occurs  at  Kiddville  in  Clark  County  (analysis  14, 
p.  212).  The  Kiddville  magnesium  water  is  more  highly  sulphated 
and  contains  magnesium  and  calcium  in  larger  proportions. 

OLYMPIAN  SPRINGS. 

Olympian  Springs,  in  Bath  County,  have  long  been  famous  as  a 
watering  place,  and  the  locality  is  still  held  in  high  esteem  as  a  health 
resort.  In  general,  the  waters  at  Olympian  Springs  are  distinctly 
ferruginous,  and  one  water  combines  the  qualities  of  a  magnesic  sul- 
phate water  with  ferruginous  properties.  Among  these  springs  are 
black-sulphur  waters,  white-sulphur  waters,  and  a  very  strong  salt- 
sulphur  water.  The  salt-sulphur  spring  water,  analyzed  by  Robert 
Peter  in  1877,''  was  found  to  be  alkaline  and  borated,  and  to  contain 
as  much  as  13  parts  per  million  of  bromine  and  traces  of  iodine. 

The  Olympian  Springs  salt-sulphur  water  is  used  advantageously 
in  the  bath,  and  it  is  recommended  as  a  valuable  remedy  in  the 
treatment  of  skin  diseases.  A  close  resemblance  between  the  quality 
of  this  Olympian  Spring  water  and  that  of  the  Kaiserquelle  at  Aix 
la  Chapelle  was  observed  by  Peter,  and  the  composition  of  these  two 
waters  is  reproduced  for  comparison. 

aLoc.  cit. 

&  Kentucky  Geol.  Survey,  Chemical  Analysis  A,  vol.  1, 1884,  p.  305. 
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Table  17  .—Composition  of  water  from  salt-sulphur  springs  at  Olympian  Springs,  Ky., 

and  Aix  la  Chaptlle^  Germany. 

I  Parts  per  million.o    Analysts:  Peter  (Olympfan  Springs)  and  Lleblg  ( Alz  la  ChappeUe).] 


8Uica(SfOt) 

Iron(Fe) 

Aluminum  (Al).. 

Barium  (Ba) 

Strontium  (Sr)... 

Calcium  (Ca) 

Magnesium  (Mg). 


dium(Na)... 
•     i(K). 


Potassium  (    , 
Lithium  (Li). 

Carbonate  radicle  (COj) 

Bicarbonate  radicle  ( UCOj) . 

Sulphate  radicle  (SOO 

Chlorlne(Cl) 

Bromine  (Br) 

lodine(I) 

Borate  radicle  (  B«Ot) 

Sulphide  radicle  (S) 

Organic  matter 


Olympian 

Aix  la 

Springs. 

ChapeUe. 

23 

66 

L2 

4.4 

.4 

Trace. 

0 
2.6 

.1 

S9 

63 

42 

15 

1,W4 

1,421 

19 

60 

.1 

ao3 

Trace. 
329 

1,023 

5.8 

276 

3,081 

1,609 

13 

as 

Trace. 

Trace. 

Trace. 
Trace. 

14 

34 

75 

5,584 


4,628 


a  Obtained  by  computation  to  ionic  form;  results  originally  stated  in  hyxwtbetical  comblnationg, 
ESTILL  SPRINGS. 

The  Estill  Springs,  at  Irvine,  Estill  County,  are  situated  in  one  of 
the  most  picturesque  locahties  of  the  State.  Within  easy  reach  of 
Kentucky  River  and  close  to  the  mountains,  the  surroundings  are 
unusually  attractive.  A  commodious  hotel  and  well-kept  grounds 
add  to  the  natural  advantages  of  the  place.  The  several  springs 
supply  red-sulphur,  white-sulphur,  black-sulphur,  and  chalybeate 
waters,  all  of  which,  except  the  last,  are  reported  to  contain  hydrogen 
sulphide.  The  iron  is  deposited  from  these  waters  soon  after  collec- 
tion, so  that  their  fuU  virtue  is  realized  only  by  treatment  at  the  springs. 

The  red-sulphur  water  deposits  ferric  hydrate,  the  color  of  which 
has  given  the  name  to  the  water.  Black  ferrous  sulphide  is  deposited 
from  the  black-sulphur  water,  and  from  the  white-sulphur  water  a 
white  deposit  of  sulphur  is  formed. 

Table  18. — Composition  of  Estill  Springs  tmters.^ 
[Parts  per  miilion.b    Analyst,  Dr.  Robert  Peter.] 


Red 
sulphur. 


White        Black 
sulphur.  !  sulphur. 


Chaly. 
beate. 


SiUcaCSiOj) 

Iron(Fe) 

Aluminum  (Al).. 

Calcium  (Ca) 

Magnesium  (Mg). 

Sodium  (Na) 

Potassium  (K). 


6.8 


4.0 


Carbonate  radicle  (COj) 

Sulphate  radicle  (SOf) 

Phosphate  radicle  ( POO 

rhlorine(Cl) 

Organic  and  volatile  matter. 


81 
26 
99 
42 
197 
176 


5 
40 


8.5 
121 
25 
52 
32 
24 
152 
Trace. 
5.5 
50 


Free  carbondioxlde  (COi) 

Free  hydrogen  sulphide  (HjS). 


715 
325 
4.5 


13 

32 

48 

15 

3.6 

45 

148 

11 

47 

26 

7.4 

7.6 

4.9 

108 

72 

67 

350 

22 


5.5 
141 


410 
263 
35 


896 


a  Gcol.  Survey  Kentucky,  1st  ser.,  vol.  4,  p.  143. 

b  Obtained  by  computation  to  ionic  form;  results  orginally  stated  in  hypothetical  oomblnaUoos. 
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KBO-ME-ZU  SPRINGS. 

The  Keo-Me-Zu  Springs,  located  in  Kenton  County,  about  10 
miles  south  of  Cincinnati,  have  recently  attracted  favorable  consid- 
eration as  affording  excellent  mineral  waters.  They  consist  of  three 
springs,  all  of  the  alum-chalybeate  variety,  and  are  well  charged  with 
free  carbon  dioxide.  The  composition  of  the  Keo-Me-Zu  Spring 
waters  is  given  in  the  following  table: 

Table  19. — Composition  of  Keo-  Me-Zu  Spring  tvaters. 
[Parts  per  mUllozi.a    Analysts,  Karl  Langenbeck  and  Louis  Schmidt.] 


Alpha    I  Bonanza 
Spring.      Spring. 


Silica  (SiOi) 

In«(Fe) 

Aluminum  ( Al) 

Manganese  (Mn) 

Calcium  (Ca) 

Maenesium  (Mg) 

SoSum(Na) 

Potasslum(K) 

Carbonate  radicle  (COs) . 
Sulphate  radicle  (SO*). . 
Nitrate  radicle  (NOa).... 

Chlofine(Cl) 

Organic  and  loss 


26 
12 
3.8 


115 
23 
63 

7.7 
248 
125 
4.4 
7 


90 

12 

32 

.2 
282 

18 

20 
2.1 
388 
370 


6.5 
2.2 


Climax 
Spring. 


15 
0.8 
7.7 
Trace. 
167 
19 
22 
4.6 
260 
114 


2.2 
Trace. 


632 


1,267 


610 


o  Obtained  by  computation  to  ionic  form;  results  originally  stated  in  hypothetical  combinations. 
LOWER  BLUE  LICK  SPRINGS. 

These  celebrated  saline-sulphur  springs,  located  near  the  north 
bank  of  Licking  River  in  Nicholas  County,  were  known  to  the  first 
settlers  of  Kentucky.  The  Indians  and  the  pioneers  of  the  State 
were  in  the  habit  of  visiting  the  springs  in  order  to  procure  the  salt 
with  which  their  waters  were  richly  impregnated.  The  medicinal 
virtues  of  these  waters  were  also  recognized  at  an  early  date,  and 
they  have  been  regarded  as  efficacious  in  the  treatment  of  scrofula, 
chronic  rheumatism,  gout,  engorgements  of  the  liver,  and  chronic 
skin  diseases. 

The  first  quantitative  analysis  of  the  Lower  Blue  Lick  waters  was 
made  by  Robert  Peter,  and  the  report  of  the  first  Geological  Survey 
of  Kentucky,  published  in  1850,  contains  an  interesting  account  of 
his  elaborate  investigation  of  the  composition  of  these  remarkable 
spring  waters.  Several  important  characteristics  of  these  waters 
were  disclosed  by  this  early  study.  They  were  found  to  be  not  only 
strongly  saline,  but  alkaluie,  and  to  have  the  additional  value  of 
being  moderately  strong  alkaline  sulphated  waters.  The  presence  of 
bromine  and  iodine  was  also  discovered,  and  quantitative  determi- 
nations of  these  two  elements  were  made. 

This  early  analysis  includes  also  determinations  of  the  gaseous 
constituents  of  the  waters.  Free  carbon  dioxide  and  hydrogen  sul- 
phide dissolved  in  spring  waters  begin  to  escape  as  soon  as  the  water 
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is  exposed  to  the  air,  and,  in  order  to  ascertain  the  quantities  of  these 
two  gases  present  in  the  water  when  it  reaches  the  surface,  it  is  neces- 
sary to  make  the  determinations  at  the  spring. 

By  the  improved  volumetric  methods  and  with  the  modem  appli- 
ances now  in  daily  use,  determinations  of  these  gases  may  be  made 
in  the  field  as  rapidly  and  as  accurately  as  in  the  chemical  laboratory. 
At  the  time,  however,  when  this  analysis  was  made,  such  refinements 
were  unknown,  and  the  manned  in  which  Peter  was  enabled  to  ascer- 
tain the  exact  quantities  of  hydrogen  sulphide  and  carbon  dioxide 
present  in  the  waters  at  the  fountain  head  exemplifies  his  resource- 
fulness in  procuring  accurate  chemical  results  under  the  most  unfavor- 
able conditions. 

The  method  used  by  him  was  to  add  to  a  measured  volimie  of  the 
water  at  the  spring  a  solution  of  a  chemical  capable  of  acting  at  once 
upon  the  gas,  forming  with  it  an  insoluble  powder;  then  to  seal  the 
bottle  and  subsequently  to  determine  in  the  laboratory  the  quantity  of 
the  precipitate  formed  in  the  water  at  the  spring. 

The  hydrogen  sulphide  was  fixed  by  means  of  a  solution  of  arseni- 
ous  acid  in  hydrochloric  acid,  and  the  carbon  dioxide  was  similarly 
precipitated  as  calcium  carbonate  by  an  ammoniacal  solution  of 
calcium  chloride. 

A  second  analysis  of  the  Lower  Blue  Lick  waters  was  made  by 
Peter  in  1877.  The  object  of  his  examination  at  this  later  date  was 
to  ascertain  whether  these  waters  had  undergone  any  essential  change 
in  their  character  during  the  twenty-seven  years  since  the  first 
analysis,  and  to  discover,  if  possible,  the  presence  of  elements  more 
rarely  occurring  in  waters.  The  second  analysis  developed  the  fact 
that  the  waters  had  suffered  no  material  change  since  the  time  of  the 
first  analysis,  and  disclosed  the  presence  of  minute  amounts  of 
barium,  strontium,  and  lithium,  also  notable  quantities  of  borates 
and  alkaline  sulphides,  the  latter  indicating  that  sulphur  is  pre^sent 
in  these  waters  in  at  least  two  different  conditions.  The  results  of 
this  analysis  appear  in  the  second  column  of  Table  20. 

According  to  a  recent  classification  of  mineral  waters  proposed  by 
Haywood,  the  Lower  Blue  Lick  water  may  be  designated  as  a  sodic, 
muriated,  saline,  alkaline  (sulphide),  borated  (bromide,  iodide),  car- 
bondioxated,  sulphureted  water. 

The  alkaline  sulphide  character  of  the  Lower  Blue  Lick  water  is 
comparable  with  that  of  the  water  of  the  Stachelberg  Spring  in 
Switzerland,  one  of  the  famous  healing  springs  of  Europe.  On 
account  of  its  remarkable  curative  power,  its  waters  have  been  pre- 
scribed by  physicians  ever  since  the  latter  part  of  the  eighteenth 
century.     The   analytical   results   of   an   exhaustive   study   of   the 
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achelberg  Spring  water,  made  in  1854  by  Simmler,"  are  reproduced 
the  sixth  column  of  Table  20.  To  simplify  the  comparison  of  the 
aters  of  these  springs,  the  results  obtained  by  Simmler  are  reduced 
ionic  form.  Simmler  observed  that  the  quantity  of  sulphur  in  the 
rm  of  hepatic  sulphur,  or  alkaline  sulphide,  in  the  St  achelberg  water 
not  constant,  but  varies  within  tolerably  wide  limits.  For  instance, 
5  found  that  the  sulphur  present  in  the  alkaUne  sulphides  on  four 
fferent  occasions  was,  summer  1853,  57;  winter  1853,  54;  spring 
^54,  63;  summer  1854,  61  parts  per  million.  The  Stachelberg 
pring  water  contains  notable  quantities  of  this  sulphide  sulphur, 
hich  makes  this  water  still  more  powerful  as  a  sulphur  water; 
lough  the  Stachelberg  water  contains  more  absorptive  sulphur  than 
BIS  been  observed  in  the  Lower  Blue  Lick,  the  latter  is  far  more 
ighly  mineralized  and  appears  to  have  additional  curative  power 
a  account  of  other  saline  constituents. 

For  several  years  past  the  supply  of  Blue  Lick  waters  for  shipment 
reported  to  have  been  obtained  from  a  spring  on  the  south  side  of 
icking  River.  In  1900  A.  M.  Peter  made  partial  analyses  of  the 
aters  obtained  simultaneously  from  the  Old  Spring  on  the  north 
ank  and  of  the  New  Spring  on  the  south  bank  of  the  river.  The 
jsults  of  these  analyses,  recorded  respectively  in  the  third  and  fourth 
3lumns  of  Table  20,  indicate  that,  although  the  waters  from  both 
prings  appear  to  be  somewhat  weaker  than  the  waters  of  the  Old 
pring  were  in  1877,  they  still  possess  the  same  general  characteristics, 
ven  in  regard  to  the  presence  of  alkaline  sulphides,  by  which  both 
amples  were  colored  slightly  yellow.  Although  the  alkaline  sul- 
hides  are  more  permanent  than  hydrogen  sulphide  in  water,  they 
ecompose  gradually  unless  the  water  is  kept  in  tightly  sealed  bottler, 
n  the  fifth  column  of  the  same  table  is  reproduced  an  analysis  of  a 
ample  of  the  Lower  Blue  Lick  water  which  had  been  kept  about 
hree  years  in  a  wooden  barrel.**  The  results  of  this  analysis  demon- 
trate  the  inadequacy  of  wooden  containers  to  preserve  the  alkaline 
ulphides  for  any  great  length  of  time,  for  at  the  time  of  the  analysis 
ivery  vestige  of  hydrogen  sulphide  and  of  the  alkaline  sulphides  had 
lisappeared,  indicating  that  during  the  storage  in  wood  the  water 
lad  wholly  lost  the  medicinal  quaUties  which  are  peculiar  to  an 
tikaline  sulphide  water.  The  Blue  Lick  waters  are  applicable  to  the 
treatment  of  so  many  diseases  that  they  have  a  wide  range  of  useful- 
less. 

*»  simmler,  Theodor,  Comprehensive  study  of  the  Stachelberg  Spring  water:  Jour.  prak.  Chemle,  old 
«r..  vol.  71, 1857,  p.  1. 

^  Haywood,  J.  K.,  Mineral  waters  of  the  United  States:  Bureau  of  Chemistry,  U.  S.  Dept.  of  Agri.,  Bull. 
W,  p.  50. 
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Table  20. — Comptmtion  of  water  of  Lower  Bltu  Lick  Springs ^  Kentucky ,  and  o/8ta^ 

elherg  Spring,  SwiUerland.  a 

[Parti  p0r  million.] 


Old  Spring,  north  bank  of 
Licking  River. 

New  Spring,  south 
bank  orLtcklng 
River. 

Stachol- 
berg 

R.  Peter, 
1850. 

R.  Peter, 
1877. 

A.M. 

Peter, 
1900. 

A.M. 

POtCT, 

1900. 

J.  K. 

wood, 
1905. 

(Sinunier 
1854). 

14 

}      &5.8 

Traoe. 
317 
135 

12 
b3.8 

18 

1 

2.6 
343 

179 

9.7 

/ 

\          1 

307 
133 

.1 
.    .5 
3,324 
98 
1 

302 
132 

308 
133 

40 

44 

a,2|. 

2,746 

2,812 

2,718 

81 

1.8 

.8 

412 

340 

2.2 

Tnioa. 

Small. 

Trace. 

4,900 

23 

.14 
(0 

80 

1.9 

.6 

>,) 

473 
474 

434 
390 

278 

413 

380 

100 

23 
Trace. 
5,558 

17 
.3 

13 

Trace. 
5,402 
3.4 
.6 

3.6 

4,925 

5,120 

3.4 

Present. 

Present. 

58 

>,) 

12 

282 

457 

427 

377 

1.4 

84 

Total  Bollds 

10,296 
39 
355 

10,558 

28 

(0 

0,026 
34 

9,315 
16 

9,002 
257 

680 

Hydrogen  sulphide  (H|S) 

2.2 

Carbon  dloxiae  (COi) 

114 

a  Obtained  by  computation  to  ionic  form;  results  originally  stated  in  hyi>ottaetical  combinations. 
b  Includes  ferric  and  aluminic  oxides  and  calcium  phosphate, 
f  Not  reported. 

UPPER  BLUE  LICK  SPRINGS. 

The  waters  of  the  Upper  Blue  Lick  Springs,  which  are  also  situated 
in  Nicholas  County,  closely  resemble  the  waters  of  Lower  Blue  Lick. 
They  are  recommended  as  remedies  for  the  same  diseases  as  those 
for  which  the  Lower  Blue  Lick  water  is  prescribed.  They  are 
extensively  sold. 

TABLE  WATERS,   . 

In  the  territory  covered  by  this  investigation  there  are  numerous 
other  sources  of  wholesome  water  which  might  be  made  of  commer- 
cial importance.  Pure,  safe  water  is  wanted  for  table  use  in  large 
cities,  where  a  widespread  prejudice  exists  against  the  city  waters 
supplied  from  sewage  polluted  streams;  and  coimtry  districts,  remote 
from  congested  population,  are  naturally  regarded  as  the  most  favoi^ 
able  locaUties  from  which  daily  supplies  of  such  water  may  be 
obtained.  The  ordinary  pure  spring  waters  of  the  Blue  Grass,  being 
but  slightly  mineralized,  are  well  adapted  for  use  as  table  waters,  for, 
besides  being  palatable,  they  contain  a  moderate  quantity  of  various 
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saline  ingredients  conducive  to  health,  and  have  therefore  a  distinctly 
dietetic  value. 

Hie  Anita  Spring  and  Royal  Magnesian  Spring  in  Oldham  Coimty 
have  already  acquired  considerable  reputation  as  table  waters  in 
cities  'w^ere  their  waters  have  been  put  upon  the  market.  The 
composition  of  the  waters  of  these  two  springs  is  given  in  the  follow- 
ing table: 

Tablb  21. — Analyses  of  iable  waters  from  Anita  and  Royal  Magnesian  springs.** 

(Parts  per  million.] 


Slllc»(8iOs) 

Inm(Fe) 

Alununioiii  (Al)., 

Cilciiim  (Ca) 

MasDBslum  (Mg). 


(Sr).. 


ZiDC(Zn). 

Sodiam  and  potutium  (Na-f  K) . 

Uthiam(Liy. 

(^rbonate  radicle  (COi) 

Borate  radicle  (B^Ot) 

Phosphate  radicle  (PO4) 

Solphate  radicle  (8O0 

ailortQO(Cl) 


Total  solids. 


Anita 
(L.  D.  Kas- 
tenbeln). 


35 
21 


2.9 

iio" 


Trace. 

Trace. 

2.8 


191 


Royal  Mag- 
nesian (A. 
M.  Peter). 


7.6 
.6 


48 

28 

Trace. 

.3 

1.4 

Trace 

142 
Trace 


9.4 
2.1 


242 


«  Obtained  by  compatatlon  to  ionic  form;  results  originally  stated  in  hypothetical  combinations. 

The  following  waters  are  mentioned  merely  as  representative  of 
such  as  might  find  a  ready  market  in  the  cities  as  table  waters.  Many 
others  might  be  included  in  the  list.  The  numbers  at  the  left  corre- 
spond with  the  numbers  in  Table  22,  where  the  composition  of  these 
waters  is  given. 

Possible  table  waters  in  the  Blue  Grass  region. 

1,  2,  and  3.  Springs,  Anderson  County. 

4.  'Riddell  well,  Boone  County. . 

6.  Clark  spring,  Bourbon  County. 

12.  Furniture  Mig.  Co.  well,  Carroll  County. 

21.  Belmont  spring,  Fayette  County. 

29.  Wilson  well,  Fayette  County. 

32.  Harkness  well,  Fayette  County. 

38.  Madden  well,  Fayette  County. 

50.  Cox  well,  Harrison  County. 

62.  Kenney  well.  Jessamine  County. 

Table  waters  can  be  bottled  and  shipped  to  the  cities  as  easily  as 
coimtry  milk.  By  taking  advantage  of  the  preference  in  the  cities 
for  pure  coimtry  waters,  the  owners  of  many  Blue  Grass  spring  waters 
could  build  up  a  city  trade  that  would  yield  satisfactory  returns. 
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Table  22. — Andly$es  of 
[Parts  per 


No. 

County. 

Locality. 

Owner. 

Source. 

Analyst. 

Date. 

1 

Anderson — 

Do 

Do 

Boone 

Do 

Bourbon 

Do 

Bracken 

Do 

Do 

CampbeU.... 

CarroU 

Do 

Clark 

Do 

Do 

Fayette 

Do 

Do 

Do 

Do 

Tyrone 

Spring.. 
....do.... 
...do.... 

Well.... 
....do.... 

....do.... 
....do.... 
....do.... 
...do.... 
....do.... 

Spring  a  « 
Springe?) 

Well...- 
...dooft. 

....doabd 

Palmer 

do 

do 

do 

do 

do 

do 

do 

do 

do 

R.B.Dole... 

Palmer 

do 

R.Peter 

Palmer 

do 

do 

A.M.Peter.. 
Palmer 

do 

do 

Oct.   15,1906 

do 

do 

2 

3 

.....do 

do. 

Hebron 

Petersburg 

Paris 

*  JfraMRlddelV.*. .' '.'.'.'. 
Boone  County  Distil- 

wfS.Clark 

4 
6 

6 

July  31,1906 
Nov.  — ,  1906 

Sept.    5,1906 
Nov.  — ,  1906 
Aug.  26, 1906 

do 

do 

Apr.    8,1907 
Sept  15, 1906 

do 

July  —,1884 

Nov.  — ,  1906 
do 

Nov.  24,1906 

,1898 

Nov.  16,1906 

Nov.    9,1906 
do 

3D 
110  , 

7 
8 
9 
10 
11 
12 

13 
*14 

do 

Augusta 

do 

BrooksvlUe.... 

Newport 

Carrollton 

Sanders 

KIddvUle 

Pine  Grove.... 
Winchester.... 

Chllesburg 

Donerail 

East  of  Hick- 
man. 

Lexington 

do 

Ben  Woodford 

Electric  light  plant... 

Steam  laundry 

Cummlngs  Brothers.. 

Old  76  Distillery 

CcuToUton  Furniture 
Manufacturing  Co. 

Mrs.  Ella  Jacobs 

J.  E.  Groves 

50 
96 
80 
75 
1,250 
98 

15 
16 

17 

Yunger  Jones 

Reliance  Manufac- 

turlngCo. 
Dr.W.H.FeUx 

9oi 

75 

*1R 

G.  F.  Batenian 

do< 

125 
76 

19 
?0 

Fayette  County  Farm 
Ed.  Kane 

Spring  ft. 
Wella6.. 

^^'.■.■. 

...do.... 

WeU 
(same). 
do.... 

?1 

August  Belmont 

Boice  Grogan  Lum- 
ber Co. 
Cincinnati  Southern 

do 

22 
*23 
*24 

Do 

Do 

Do 

do 

do 

do  .    . 

do 

R.Peter 

do 

do 

Oct.   24,1906 

,1884 

,1884 

,1885 

Nov.  22, 1906 
Nov.  25.1906 
Nov.  19, 1906 
Nov.    6,1906 
Nov.  25, 1906 

Nov.  15,1906 
Nov.    2,1906 
Nov.  22, 1906 
Nov.  18,1906 

Nov.    2,1906 

do 

Oct.   23,1906 

Oct.     2,1906 
Nov.  — .  1906 
Nov.  18,1906 

Oct.   22.1906 
Nov.    9,1906 
June  36,1900 
Nov.  — ,  1906 
Aug.  23,1906 
Nov.  — ,  1906 

Aug.     4,1903 

Apr.     8, 1907 
Aug    10,1906 

July  26,1906 

116 

80-90 

153 

800 

♦?5 

Do 

do 

do 

?6 

Do 

Do 

Do 

do 

do 

do 

W.W.Estill 

Well  6... 
....doaftd 

Palmer 

do..;.... 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

A.M.Peter.. 

Palmer 

do 

40 

V 

R.C.Estill 

225 

?R 

Wm.  Fields 

Spring  «. 
WeWabd 
....doo6. 

29 
30 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Dr.  J.  W.Wilson 

J.B.Haggln. 

126 
198 

50 

"'225 

28 
28 
150 

105 
65 

31 
32 
33 

H.P.Headley 

L.V.Harkness 

J.H.Hlsle 

....do.... 
Spring  6. 
Welldft.. 
do oft. 

do<i 

34 
35 

Mrs.  Columbia  Innes . 
Mrs.  E.L.  Israel.. 

36 
37 

38 
39 

do 

Lexington    Brewing 
Cx). 

J.  E.  Madden 

Old  Tarr  Distillery.:. 

Jas.  E.  Pepper  Dis- 
tillery. 

Jas.  E.  Pepper  estate. 

Wm.  Pettit 

Phoenix  Hotel  Co.... 

Mrs.  J.  Will  Sayre.... 

W.H.  Means 

....do.... 
...do.... 

...do.  a.. 
Spring.. 
...do 

Well.... 

...do 

...do.ft.. 
...do.ft.. 

Spring. . 

40 

41 
49 

Do 

Do 

Do .     .. 

do 

do 

...do 

♦43 
44 

4*) 

Do 

Do 

Do 

do 

do 

do 

"m\ 

46 

Fleming 

Franklin.... 

Do 

Gallatin 

Harrison 

Flemlngsburg. 
Frankfort 

do 

Warsaw 

Cynthiana 

Henderson  &  O'Ban- 
non  ice  factory. 

Old  Crow  Distillery 
(W.  A.  Gaines  i 

(io 

Warsaw       furniture 

factory. 
W.M.Cox 

Well  ad.. 

do 

102 

♦47 

48 
49 

50 

...do.d.. 

...do.d.. 
...do 

...do 

A.  Lasche... 

R.B.Dole.. 
Palmer 

do 

790 

! 

790 
90 

50 

*  Computed  from  hypothetical  combinations. 

a  Trace  of  the  borate  radicle  (BiOj). 

ft  Trace  of  strontium  (Sr). 

*Much  hydrogen  sulphide  (HtS). 

d  Hydrogen  sulphide  (HjS)  present. 

<  No  hydrogen  sulphide  (H«S). 

/  Hydrogen  sulphide  (HtS),  4.5  parts. 
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waUrs  in  Bhu  Grass  region. 
mflUoiL] 


|2i 


4.8 

1 6.2 

20,50,    6.2 


9.8 
&2 
7 
13 


1.2 
10 
10 
17 

6.4 
14 
11 

20 
10 

5.8 
11 

23 


7.2 


126 


36 
9.4 

4 

7.8 

ae 

9.4 
6 

8.8 

6 
5.8 

a4 

5 


11 
5.4 
11,147     7. 


4.6 

6 

914 


48,168 


5.4 
5. 

8 
3.1 

22 

7.  J 


12 
80  13 


45i  12 


I 


a 
I- 


Trace. 
Trace. 
Trace. 
Trace. 
Trace. 

Trace. 
1.3 


Trace. 

.3 

Trace. 

Trace. 


08 
1 
1 

10 
.6 

1.6 
.5 
.1 
.4 
.3 

4 
.5 


1 
2.81 


Trace. 

Trace. 
Trace. 
Trace. 

Trace. 


1.5 
Trace. 

2.4 
Trace, 

.8 
.7 

Trace. 

Trace. 
1.7 
1,4 

4.5 

1 


Trace. 

1.1 

Trace. 

1 
Trace. 
2.8 
1 

4. 
1 

LI 


.1 
Trace. 


Traoe. 


.8 


93 
90 
50 
76 

32 
238 
149 
101 

76 
360 

90 

132 
1,106 

46 
271 


1,433 
91 

60 
96 


98 

20 

21 

47 
79 
114 
58 
32 
29 

54 
74 
44 
95 

51 


aa 


5.4 
6.1 
7.2 
3.2 
25 


17 
14 
38 
182 
27 

05 
971 

20 

188 

45 

791 
2.1 

14 
6.7 
20 

4.4 

18 

32 
37 

78 
4.7 
20 
12 


5.1 
16 
63 


.5 

ea 

.0 

105 

1.3 

76 

1.4 

86 

La 

49 

92 

L6 

8e 

Lfl 

41 

.2 

43 

... 

57 

54 

.6 

82 

3 

114 

34 
9.1 

96     8.8 


5.7 


16 
20 
34 
6.7 
20 
24 

28 


28 


Oeologio 
formation. 


Lexington . 
Highbrldge 

do 

Glacial 

Alluvium.. 


Lexington. 
do 

6 

7 

Alluvium.. 

8 

do 

9 

Winchester 

10 

St  Peter . . . 

11 

Alluvium.. 

12 

Winchester 

13 

Chatta- 

♦14 

nooga. 

Lexington. 

15 

Winches- 

16 

term. 
Lexing- 

17 

ton  (?). 

Lexington. 

♦18 

do 

19 

do 

20 

do 

21 

do 

22 

do 

♦23 

do 

♦24 

Highbridge 

♦25 

Lexington  . 

26 

do 

27 

do...- 

28 

do 

29 

Lexing- 

30 

ton  (T). 

Lexington . 

31 

do 

32 

do 

33 

Lex  ing- 

34 

ton  (7). 

Lexington . 

35 

do 

36 

do 

37 

do 

38 

do 

39 

do 

40 

do 

41 

do 

42 

do 

♦43 

do 

44 

Ohio 

45 

Maysville.. 

46 

St.  Peter(?) 

♦47 

1,596 do 

3361  Alluvium. - 


Lexington . 


No. 


48 


50 
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Tablb  22.'-Analy9e8  of  water 


Na 

C5ounty. 

Locality. 

Owner. 

Source. 

Analyst. 

Date. 

IT 

51 

Harrison.... 
Jessamine. . . 

Kenton 

Do 

Madison 

Do 

Mason 

Do 

Nicholas 

Do 

Owen 

Pendleton... 

Do 

Do 

Robertson... 
Scott 

Do 

Do 

Shelby 

Trimble 

Do 

Woodford... 

Do 

Do 

Leesburg 

Nicholasville.. 

Covington 

Independence. 
Clear  Creek 

Station. 
Paint  Lick.... 

Maysville 

Sardis 

Well 

...do 

...do.a.. 

...do 

...do 

...do 

...do 

.do.6«. 

Palmer 

do 

do 

do 

R.  Peter.... 

do 

Palmer 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

July  26, 1906 
Oct.    13,1906 
July  11,1906 
July   13,1906 
>1880 

,1858 

Aug.  27,1906 
Oct.   —,1906 

Aug.  13,1906 
do 

Sept.  13,1906 
Sept.   7,1906 
July  21,1906 
July  24,1906 
Aug.  10.1906 
Oct.     4,1906 
Oct.     1,1906 
Oct,   —,1906 

Sept.  18,1906 
do 

Nov. —,1906 

Oct.  10.1906 
do 

Oct.     8.1906 

7B 

75 
200 

45 
126 

18 

108 
300 

155 
35 
17 
30 
39 
37 

103 
70 

188 

'  *22' 
96 
51 
40 
63 

52 
63 
54 
♦66 

♦56 

67 

58 

C.  A.  Kenney 

Cincinnati  Ice  Co 

Dr.  F.  J.  Metcalf 

John  R.  Proctor 

J.  H.  Spilman 

R.A.Carr 

Town 

59 
60 
61 
62 
63 
64 
65 
06 
67 
68 

69 
70 
71 
72 
73 
74 

Carlisle... 

do 

Owenton 

Butler 

Falmouth 

Morgan 

Mount  Olivet. 
Georgetown. . . 

SadievUle 

Stamping 

Ground. 
Shelbyville.... 

Bedford 

Milton 

MortonsviUe . . 

Nonesuch 

VersalUes 

Carlisle  Milling  Co.... 

City 

Thomas  &  Ruth 

Doctor  Huddleston.. 

H.W.Faber 

S.  F.  Fomash 

JohnZoUer 

Judge  James  Askew. . 

City 

J.L.TumbuU 

T.J.  Ramsay 

Mrs.  Mary  J.  Bell.... 
RichwoodDUtiUery.. 

E.Boston 

B.Bond 

Lucas  Brodhead 

...do.  c. 

...do 

...do.e.. 

...do 

...do 

...do 

...do 

...do 

...do.6.. 
Spring  e. 

...do 

WeU.... 

...do 

...do.e.. 
...do.o.. 
...do 

♦  Computed  from  hvpothetical  combinations, 
a  Hydrogen  sulphide  (HsS)  present. 
t  Traoo  of  the  borate  radicle  (B^Or 
«  Trace  of  strontium  (Sr). 
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2:f 


62 
65 
16 


150 


80 
70 


±65 
51 

"so 


17 
&8 
Sl6 

13 
6 

44 

14 

a2| 

5 
10 
17 

as 

15 
15 
11 

8 
4.8 

&8 

16 

17 
6 

7.8 
6.2 
&4 


i 


5 
Trace. 
Trace. 
Traca 


Trace. 

Trace. 
&8 

ft8 
Trace. 
Trace. 
Trace. 
Tracft 
Traca 
Trace. 
Trace. 
.5 
Tracft 

Trace. 
Trace. 
Trace. 
Trace. 

1 
Trace. 


2.1 
1.1 

.8 
4.8 


1.4 
.0 

a7 

2.1 
2.2 
2 

a4 

12 
.8 
1.5 
2.5 
1.6 

.7 
.4 

.8 
.7 


80  45 


102 


130  16 
1101  34 
721  14 

22     4.2 

116  17 
160  80 


107 


121 


73 
48 
60 

264 
91 


76  18 

50  22 

42  16 

1. 21      74  8. 6 


10 


21 


184  36 
200^  24 

2.8 
122)  41 


35 


32  17 


14 


mS 


14 
30 
16 
35 

611      56 

31 1|      33 

63 
3,260 

765 

29 
127 

26 

39 

37 
204 
6.5 
280 

a8 


37 
&2 
64 

66 

7.7 


i3 


Trace. 
Trace. 


Trace. 


Trace. 
Trace. 


Trace. 


Traca 


Traca 
Traca 


Traca 


Traca 
Traca 
Traca 


361 
315 
415 
185 


363    .0 


398 
206 

454 

377 
478 
216 
490 
430 
539 
246 
328 
^1 

600 
337 
294 
251 
248 
242 


as, 


.0 


29 


"•5 

s 

^ 

«5 .'  -^ . 

S3 

ja^^  h::? 

s 

5*2  -B 
3055°!^ 

3 

OQ    1  U 

^ 

104 

14 

479 

82 

38 

46G 

49 

25 

479 

184 

105 

66C 

38 

89 

466 

97 

276 

966 

99 

50 

662 

54 

6,800 

12,106 

a3 

1,800 

3,222 

176 

130 

875 

105 

264 

1,202 

35 

23 

20C 

30 

88 

748 

75 

73 

703 

136 

a6 

72C 

39 

10 

373 

&9 

396 

1,06(1 

9 

4.7 

222 

28 

802 

1,914 

11 

71 

465 

22 

9.3 

311 

87 

40 

436 

26 

60 

351 

28 

7.7 

258 

Oeologic 
formation. 


Lexington 

....do..... 

Alluvium.. 

MaysTiile.. 

Upper  Cin- 
oinnatian. 

Lower  Silu- 
rian. 

AUuvimn.. 

Winches- 
ter (?) 

Winchester 

do 

MaysTtlle.. 

Alluvium.. 

MaysvIUe. . 

Lexington  . 
Winchester 
Lexington . 

Maysville . . 

Panola 

Alluvium.. 
Lexington . 
Uighbridge 
Lexington . 


No. 


51 
52 
53 
54 
^6 

♦56 

67 


59 
60 
61 
62 
63 
64 
65 
66 
67 


60 
70 
71 
72 
73 
74 
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Aix  la  Chapelle,  Germany,  water  of,  anal- 

ysiiiof 206 

Alkali,  effect  of,  in  water 188-189 

prevalence  of 86 

Alhiriam,  character  and  distribution  of. . .  14,26 

water  In 14,64-65,74 

hardness  of 198 

qoalityof 65 

wellain 64-66,161 

AlamSprings,  watsrof 88,102 

Alominmu,  effect  of,  in  boiler  water 188 

Andermn  County,  geology  of 91-92 

topography  of 90-91 

underground  water  of 91-92 

analyses  of 212-213 

aaayof 201 

hardnessof 197 

wellaof 92,162 

Anita  Spring,  water  of 88,211 

water  of ,  analysiB  of 211 

Artesian  water,  principles  of 6^-64 

AugnsU,  wells  at 164-165 

wells  at,  waters  of,  analyses  of 21^213 

waters  of .  hardness  of 198 

B. 

Buium,  use  of ,  in  boiler  water 188 

Bcachwood  Spring,  water  of 88 

Beards,  wells  at 178 

Bedding  planes,  occurrence  and  character 

of 28,42 

water  movement  along 42 

Bedford,  spring  at 168 

water  of ,  analysis  of 214-215 

Bellevue,  water  supply  of M,163 

Berea  College,  water  supply  of 83, 85, 141 

Berry,  wellsat 172 

Bibliography  of  Kentucky  waters 8-9 

Big  Bone  Springs,  water  of 8m 

wells  near 96-97 

sections  of 96 

Bine  Lick  Springs,  water  of . . .  87, 146, 152, 207-210 

waterof,  analysisof 210 

Boilers,  corrosion  in 180-191 

Boone  County,  geology  of 93-96 

topography  of 92-93 

underground  water  of 93-97 

analyses  of 212-213 

hardness  of 198 

wellsin 96-97,163 

Boonesboro,  salt  spring  near 9 

Bored  wells,  description  of 69 


Page. 

Boston,  flowingwellat 66,66,178 

Bourtx>n  County,  geology  of 97-98 

topography  of 97 

underground  waterof 98-99 

analyses  of 212-213 

wells  of 163 

Bowlder  clay,  character  and  distribution  of.  21-25 

Boyd,  wellsat 172 

Boyle  County,  geology  of 100-101 

topography  of 99 

underground  waterof 100-102 

assays  of 201 

wells  of 163-164 

Bracken  County,  geology  of 102-103 

topography  of 102 

underground  waterof 108-104 

analyses  of 212-213 

hardnessof 198 

wells  of 164-166 

Brannon,  wellsat 173 

Brashear,  wells  at 171 

Brewing,  water  for 195-196 

water  for,  analysisof 196 

Bromine,  value  of,  in  water 208 

Bromley,  wells  at 176 

Brooksville,  water  of,  analysis  of 212-213 

Bryantsville,  wellsat 171 

Burgin,  wells  at 177 

Butler,  water  of*  analysis  of 214-216 

C. 

Calcium,  effect  of,  on  boiler  waters 188-189 

Campbell,  M.  R.,  on  Blue  Grass  region 7 

Campbell  County,  geology  of 106 

topograph  y  of 104 

underground  water  of 106-106 

analyKCsof 212-213 

wells  of 1G5 

Camp  Dick  Robinson,  water  of,  assay  of  . . .      201 

Camp  Nelson,  wellsat 173 

Capillary  action,  effect  of,  on  underground 

water 67 

Carbon  dioxide,  effect  of,  on  boilers 189 

Carbonifen)iis  rocks,  occurrence  and  char- 
acter of 14,23-24 

Carlisle,  water  at 146,177 

water  of,  analyses  of 214-215 

Carlsbad,  Bohemia,  water  of,  analysis  of. . .      204 

Carroll  County,  geology  of 107-108 

topography  of 106-107 

underground  water  of 107-108 

analyses  of 212-213 

hard  ness  of 198 

wells  of 166-166 

217 
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Carrollton,  wella  at 166 

wells  at,  water  of,  analysis  of 212-213 

water  of,  hardness  of 196 

Cartersville,  wellsnear 126 

Casings,  types  of 70 

use  of 70 

Cattle,  water  for 11 

Caverns,  character  and  distribution  of . .  29-S0,47 

formaUonof 42-44 

flgureshowing 48 

Centervllle,  wellsat 163 

Chilesburg,  water  of,  analysis  of 212-213 

wellsat 166 

Cincinnati,  Ohio,  rainfall  at 6»-59 

water  at,  hardnossof 198 

Cisterns,  description  and  use  of 71-72 

Clark  County,  faults  in 110-lU 

geology  of 109-111 

topography  of lOfr-109 

underground  water  of 109-111 

analyses  of 212-218 

wells  of 166 

Clay,  bowlder,  character  and  distribution 

of 24-26 

Claysrille,  wellsat 172 

Clear  Creek  station,  water  of,  analysis  of.  214-215 

aintonville,  wellsat 163 

Colville,  wellsat 172 

Corrosion  In  boilers,  cause  and  correction 

of 186-191 

Cottage  HUl,  wells  at 180 

Council  Bluffs,  Iowa,  well  water  at,  treat- 
ment of 187 

Counties,  water  in,  detailed  descriptions  of.  90-100 

County,  water  at,  assay  of 201 

Covington,  flowing  well  at 66,66 

waterof 82,84,176 

analysis  of 212-218 

hardnessof 198 

Crab  Orchard  Springs,  water  of 88, 80, 204-25 

watersof,  analysesof : 204 

salts  from 205 

Cretaceous  pcneplai  n,  existence  of 29 

Cynthiana,  waterof 82,84,172-178 

water  of,  analysis  of 212-213 

D. 

Danville,  water  of 82,84,168-164 

waterof,  assay  of 201 

Dayton,  watersupply  of 84 

Devonian  roc  ks 14-15, 23 

DistUling,  water  for 19^197 

Dix  River,  description  of 88 

rocks  on 190 

waterof,  quality  of 184 

Dodge,  wellsat 166 

Dole,  E.  B.,  on  sanitary  analyses 77 

on  tracing  underground  streams 78-79 

Donerail ,  water  of,  analysis  of 212-213 

wellsat 178 

Dover,  wellsat 176-176 

Drainage,  underground,  description  of 30, 34 

Drilled  wells, eostof 69 

description  of 69 

Drillers,  listof 161 


Drilling,  mistakes  In 11 

Dripping  Springs,  water  of 88 

Driven  wells,  description  of 69 

Drought,  occurrence  of 66 

Dug  wells,  description  of 68-69 

E. 

Eagle  Creek,  description  of 88 

Earth's  crust,  water  in 62-6S 

Eden  shale,  character  and  distribution  of . .  16, 
20-21, 49^50,  paaim  91-161 

soil  from 81,32 

water  in 16, 49-51,  passim  91-161 

quality  of 60-51 

wellsin 161 

Elevations,  distribution  of 28-29 

Elizabeth,  wells  at 16S.167 

Eminence,  water  at 132,173 

Enido,  wellsat 164 

Epsom  salts,  manufacture  of 53,206 

occurrence  of ,  in  waters 86 

Erosion,  progress  of 13 

Estill  Springs,  water  of 88,206 

water  of ,  analysis  of 206 

P. 

Falmouth,  water  of 82,84 

waterof,  analysis  of 214-215 

Faults,  description  of 13, 

27-28, 110-111, 126, 134-185, 140, 154,156 

Fayette  County,  geology  of 11^114 

topography  of Ill 

underground  waterof 113-115 

analysesof 212-213 

hardness  of 19? 

wells  of 166-169 

Femleaf,  wells  at 176 

Filters,  use  of 71-Ti 

Filtration,  softening  and,  relative  cost  of. .      74 

Finchtown,  water  of,  analysis  of 213-213 

Fleming  County,  geology  of 116-116 

topography  of U6 

undei:ground  water  of 116-118 

analysesof 212-213 

wells  of 189-170 

Flemingsbuig,  water  of,  analysis  of 212-318 

wellsat 169 

Florence,  wellsat 91 

Flowing  wells,  occunenee  of 64-68 

Fluorescein,  use  of,  in  tracing  nndei^groand 

streams 79-81 

Foaming,  cause  of 188-189 

Foerste,  A.  F.,  on  Kentucky  waters 8,90 

Forkland,  water  of ,  assay  of 201 

Fort  Thomas,  water  supply  of 84 

Foster,  wells  at 166 

FoxSprings,  waterof 88 

Frankfort,  flowing  well  at 65,88 

waterat 77,82,84,1JO-121,170,180 

analyseeof 212-218 

Franklin  County,  geology  of 119-120 

topography  of 118-119 

underground  water  of 119-121 

analysesof 212-318 

wells  of 170 

Fuller,  M.  L.,  on  artesian  water 68 
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G.  Page. 

QtUatin  €k>imt7,  geology  of 122-128 

topography  of 121 

ondergTomid  water  of 122-123 

analysesof 212-213 

hardness  of 196 

wells  of 171 

Garrard  County,  faults  in 128 

geology  of 123-126 

topography  of 128 

underground  water  of 123-126 

assays  of 201 

wells  of 171 

Qarrard  sandstone  member,  character  of . . .      50, 

183,138,139 

soli  from 32 

water  in 50,189 

Geography,  description  of 7-8 

Geologic  history,  outline  of 11-13 

Geology,  description  of 11-80 

5«  also  particular  countiea. 

Georgetown,  water  of 85, 154, 178-179 

water  of,  analysis  of 214-215 

assay  of 202 

hardness  of 197 

Gex.  wells  at 171 

Ghent,  welU  at 166,171 

Glacial  deposits,  occurrence  and  character 

of 14,24-26 

Glaaber  nalts,  occurrence  of,  in  water 86 

Grafenburg,  wells  at 170 

Grant  County,  geology  of 127-128 

topography  of 126-127 

underground  water  of 127-128 

Giavel,  character  And  distribution  of 14, 25-26 

water  in,  movementof 41-42 

Oravity,  effect  of,  on  underground  water. . .       67 

Greendale,  wellsat 167 

Green  River,  water  of,  quality  of 184 

Gom  Lick  Spring,  water  of 128 

H. 

Hsgerstown  soil  series,  occurrence  and  deri- 
vation of 81 

textures  of 84 

Hammond  Creek,  water  of ,  assay  of 201 

Hankla,  wells  at 164 

wells  at,  water  of,  assay  of 201 

Hano,  weUsat 173 

Hardnes,  comparative  figures  on 197-199 

Hard  waters,  prevalence  of 86 

softenlngof 192-194 

cost  of 193-194 

Harrison  County,  geology  of 12^130 

topography  of 128-129 

underground  water  of 129-130 

analyses  of 212-215 

wells  of 172 

BantMlsburg,  wellsat 177 

water  of,  assay  of 201-202 

Hebron,  water  of,  analysis  of 212-213 

Hedges,  wells  at 1<;6 

Henry,  A.  J.,  map  by 56 

Henry  County,  geology  of 181-132 

topography  of 180 

underground  water  of 131-132 

wells  of 173 


Page. 

Hickman,  water  near,  analyiia  of 212-213 

Highbridge  limestone,  charaoter  and  dis- 

tribuUon  of. . .  17, 18-19,  passim  01-160 

oUin 95-96 

soils  from 32,36 

waterin 17, 46-49,  passim  91-160 

quality  of 4»-49,8&-«J 

wells  in 47-48 

Hillsboro,  wells  at 169 

History,  sketch  of »-10 

Hooktown,  wellsat 173 

Hope  Mills,  wells  at,  water  of,  quality  of . . .      190 

Hutchison,  wells  at 163 

Hyattsvllle,  wells  near 126-171 

Hydrogen  sulphide,  occurrence  of 86 

I. 

Ice,  water  for 194-195 

Iceage,  historyln 18 

Illinoisan  till,  charaeterand  distribution  of.  14,25 

water  in 14 

Independence,  water  of,  analysis  of 214-215 

Industry,  water  for 11,185-197 

Investigation,  need  of 10-11 

Iodide,  valueof,  in  water 208 

lowan  ice  sheet,  extent  of 13 

lowan  loess,  charaeterand  distribution  of.  14,25 

waterin 14 

Iron,  effect  of,  in  boiler  water 188 

occurrence  of ,  in  water 87 

Irvine  formation,  character  and  dlstribu- 

Uonof 14,24 

waterin 14 


Jacksonville,  wellsat 173 

Jessamine  County,  geology  of 138-185 

sink  holes  in 135 

topography  of 132-133 

underground  water  of 133-135 

analyflesof 214-215 

aasa  y  s  of 201 

wells  of 173-174 

Jessamine  dome,  uplift  of 12-18, 26-27, 138 

Jett,  wells  near 121, 170-171, 180-181 

Jetting  process,  description  of 69 

Joints,  occurrence  and  character  of 28, 42 

water  movement  in 42 

Junction  City,  wells  at 102 

wells  at,  water  of,  assay  of 201 


Keene,  waterat 135,173 

Kent,  William,  on  scale  in  boilerM 186 

Kenton  County,  geology  of 136-137 

topography  of 136 

underground  water  of 136-138 

analysesof 214-215 

hardness  of 198 

wells  of 175 

Kentucky  River,  caverns  along 47 

descripUonof 37-38 

flowing  wells  on 65 

water  of,  hardness  of 198-199 

quaUtyof 184 

wells  on 49 
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Keo-Me-Zu  Springs,  water  of 88,207 

waterof.  analyalsof 207 

KIddvllle  Springs,  water  of 88,  111,  205 

water  of,  analysis  of 212-213 

Kirkwood,  wellsat 177 


La  Grange,  wells  at 178 

Lair,  wellsat 173 

Lancaster,  water  of 82, 86, 126 

water  of,  assay  of 201 

Latonia,  flowing  well  at 65 

water  supply  at 84 

wells  at 175 

Laundering,  water  for 192-194 

Lawrenceburg,  water  of 83, 85, 92, 162 

water  of,  assay  of 201 

Leesburg,  water  of,  analysis  of 214-215 

wellsat 173 

Lcighton,  M.  O.,  on  sanitary  analysis 77 

on  testing  for  salt 80 

Lexington,  rainfall  at 58-59 

waterof 83,86.114-115,167-169 

analyses  of 212-213 

hardness  of 197 

quality  of 190 

Lexington  limestone,  character  and  distri- 
bution of 16, 19,  passim  91-160 

oil  in 95-96 

soils  from 32,36 

water  in 16,  -16^9, 74-82,  passim  91-161 

quality  of 4H-49, 74-82, 86-87 

wells  in 47-18 

figure  showing 47 

Lexington  peneplain,  description  of 29 

origi  n  of 13 

Licking  River,  description  of 38-39 
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PAPERS  ON  THE  CONSERVATION  OF 
WATER  RESOURCES. 


INTRODUCTION. 


This  volume  is  a  reprint  of  selected  papers  on  the  con^rvation  of 
water  resources,  written  by  members  of  the  United  States  Geolo^cal 
Survey  in  response  to  executive  order,  for  the  report  of  the  National 
Conservation  Commission  (S.  Doc.  676, 60th  Conpf.,  2d  sess.).  Nearly 
all  the  information  from  which  the  papers  are  compiled  had  pre- 
?iously  been  collected  by  the  Survey  in  the  performance  of  its  regular 
duties.  The  remainder  has  been  taken  from  the  records  of  other 
federal  bureaus.  The  papers,  therefore,  constitute  a  summation  of 
certain  o£Scial  work  which  has  been  in  progress  for  more  than  twenty 
years  and  whose  results  eventually  must  have  been  published  in  the 
regular  series  of  water-supply  papers  had  they  not  been  diverted  to 
become  a  part  of  the  larger  work  on  conservation.  The  printing  of 
the  conservation  report  has  furnished  an  opportunity  to  present  these 
reprints  in  convenient  form  and,  as  the  demand  for  the  larger  report 
will  greatly  exceed  the  edition  authorized,  this  segregation  of  the 
papers  relating  to  water  will  prove  useful. 
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DISTRIBUTION  OF  RAINFALL. 


By  Henby  Gannett. 


.e  ultimate  source  of  our  water  supply  is  rainfall,  the  chief 
te  of  which  is  evaporation  from  the  Pacific  Ocean,  while  sec- 
ry  sources  are  the  Gulf  of  Mexico  and  the  Atlantic  Ocean, 
.ght  from  the  Pacific  by  the  westerly  winds  of  the  north  tem- 
je  zone,  the  moisture  in  the  air  is  carried  eastwardly  nearly  across 
tontinent  in  diminishing  quantities,  varying  at  different  times 
le  year.  The  supply  in  the  atmosphere  is  reenforced  in  the 
ssippi  Valley  from  the  Gulf  of  Mexico,  whence  it  is  drawn 
d  by  southerly  and  southwesterly  winds ;  and  again  east  of  the 
tlachian  Mountains  it  is  reenforced  from  the  Atlantic  Ocean, 
.^  which  it  is  drawn  by  easterly  winds  accompanying  cyclonic 
J^rbances. 

le  areal  distribution  of  the  rainfall  is  in  general  terms  as  fol- 
:  The  precipitation  is  very  heavy  upon  the  north  Pacific  coast, 
"e  at  several  points  in  the  States  of  Washington  and  Oregon  it 
Bds  100  inches  annually,  but  diminishes  southward  so  that  at 

^  Diego,  Cal.,  the  rainfall  is  very  light  and  desert  conditions 
ail.     Inland,  back  of  the  Coast  Ranges,  the  northern  part  of 

r  breat  depression  separating  these  mountains  from  the  Cascades 

the  Sierra  Nevada  is  well  watered.     The  amount  of  rainfall 

\„. inishes  southward.  So  that  in  the  southern  part  of  the  depres- 

,  which  is  occupied  by  the  San  Joaquin  Valley,  precipitation 

Jcanty  and  arid  conditions  exist.     The  high  mountains  of  the 

cade  Bange  and  of  the  Sierra  Nevada  are  copiously  watered,  but 
of  them,  in  the  valleys  and  low  plateaus  and  on  the  great  plains 
IT  east  as  the  one  hundredth  meridian,  the  rainfall  is  very  light, 
mountains  of  this  (the  Rocky  Mountain)  region,  however,  enjoy 

^ore  copious  rainfall  than  the  valleys,  the  amount  differing  with 
altitude  and  latitude,  the  more  northerly  and  higher  ranges 

Biving  the  greater  amount. 

antinuing  eastward,  the  small  supply  of  moisture  still  remain- 
from  that  brought  from  the  Pacific  Ocean  is  augmented  by  a 

aerous  contribution  from  the  Gulf  of  Mexico,  and  the  rainfall 
icreases.    Upon  much  of  the  Gulf  coast  it  exceeds  60  inches  an- 
nually, but  it  diminishes  northward,  until  in  the  neighborhood  of  the 
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Great  Lakes  the  precipitation  does  not  exceed  80  inches  yearly.  The 
Appalachian  Mountains  are  abundantly  watered,  and  the  Atlantic 
plain  receives  everywhere  a  sufficiency  for  agricultural  purposes, 
derived  largely  from  the  Atlantic  Ocean. 

The  causes  of  these  great  differences  in  amounts  of  precipitation 
in  the  various  parts  of  the  country  are  simply  explained.  All  air 
holds  a  certain  amount  of  moisture,  ranging  from  the  amoimt  suffi- 
cient to  saturate  it  to  a  very  small  proportion  of  that  quantity.  The 
point  of  saturation  is  much  higher  in  warm  air  than  in  cold  air;  i.  e^ 
warm  air  can  hold  a  much  larger  quantity  of  moisture  than  can  cold 
air.  Whenever  air  is  cooled  below  the  point  of  saturation,  rain  falls, 
and  it  can  only  fall  when  thus  chilled.  There  are  several  ways  in 
which  air  currents  may  be  cooled ;  the  current  may  be  forced  upward, 
as  when  it  climbs  the  slope  of  a  mountain  range;  it  may  be  cooled 
by  intermingling  with  colder  air  currents;  and  again,  by  coming  in 
contact  with  a  cold  land. 

The  sea  receives  heat  slowly  and  parts  with  it  slowly ;  the  land,  on 
the  contrary,  is  rapidly  heated  and  parts  with  its  heat  as  quickly. 
It  results  from  these  conditions  that  the  ocean  has  a  fairly  uniform 
temperature  the  year  around,  while  the  land  is  much  colder  in  winter 
than  in  summer. 

Now,  let  us  apply  these  principles  to  the  United  States.  The  pre- 
vailing winds  in  the  Temperate  Zone  are  from  the  west.  These  winds 
come  off  the  Pacific  laden  with  moisture  and  having  the  temperature 
of  the  ocean.  If  they  encounter  land  having  a  lower  temperature 
they  are  chilled  below  the  point  of  saturation  and  some  of  the  mois- 
ture is  deposited  in  the  form  of  rain  or  snow.  If,  on  the  other  hand, 
the  land  is  warmer  than  the  air,  the  currents  pass  over  it  without  any 
reduction  in  temperature  and  with  little  or  no  loss  of  moisture. 

During  the  winter  the  north  Pacific  coast  is  colder  than  the  sea, 
and  hence  the  copious  precipitation  which*  it  enjoys  at  that  season 
of  the  year.  In  the  simimer  the  conditions  are  reversed,  and  the  air 
currents,  although  containing  at  least  as  much  moisture  as  in  cold 
weather,  pass  over  the  land  with  comparatively  little  loss  from  pre- 
cipitation. Southw^d,  down  the  coast,  the  land  is  progressively 
warmer  in  winter,  and  consequently  receives  less  rain,  while  in  south- 
em  California  there  is  little  rain  even  in  winter,  except  upon  the 
mountains.  Although  the  atmosphere  at  Los  Angeles  contains  more 
moisture  than  does  that  at  Washington,  D.  C,  rain  seldom  falls  in 
the  former  locality,  as  there  is  nothing  to  cool  the  air  currents. 

Thus  it  is  that  the  Pacific  coast  has  well-defined  wet  and  dry  sea- 
sons corresponding  to  winter  and  summer  in  other  parts  of  the 
country.  In  winter  the  country  drains  the  air  currents  of  their  mois- 
ture and  they  pass  eastward  as  dry  winds,  while  in  simmier  these 
currents  carry  most  of  their  moisture  over  the  moimtains  and  pre- 
cipitate it  upon  the  Rocky  Mountains  farther  to  the  east  and  upon 
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the  great  plains.    Hence,  it  is  that  in  these  two  regions  the  greater 
part  of  the  year's  rainfall  occurs  in  the  warmer  half  of  the  year. 

Going  eastward  into  the  Mississippi  Valley  the  moist  air  currents, 
drawn  northward  from  the  Gulf  of  Mexico  by  southerly  winds,  are 
carried  progressively  into  more  northerly  and  colder  climates,  and 
part  of  their  moisture  is  deposited  in  a  similar  manner. 

The  Weather  Bureau  has  furnished  the  Commission  with  data  upon 
precipitation  from  about '4,000  stations  within  the  limits  of  the 
TJnited  States  proper.  These  data  consist  of  records  of  the  normal 
yearly  and  monthly  rainfall,  and  the  study  which  has  been  made  of 
them  is  very  illuminating. 

In  preparing  the  rainfall  map  (PL  I),  the  data  from  all  these 
stations  were  platted  upon  a  large-scale  map  of  the  United  States, 
and  in  the  plains  and  level  country  generally  isohyetal  lines  were 
sketched  at  intervals  of  10  inches  of  rainfall  in  accordance  with  these 
data.  In  the  mountain  regions,  however,  but  little  weight  was  given 
to  the  rainfall  data,  inasmuch  as  the  stations  are  generally  situated 
in  the  canyons  rather  than  on  the  ridges,  and  hence  do  not  represent 
well  the  rainfall  of  the  region,  but  in  such  country  consideration  was 
given  to  the  relief  of  the  land,  its  mountains,  etc.,  and  to  the  character 
of  its  vegetation;  it  is  known,  for  instance,  that  the  lower  limit  of 
yellow  pine  timber  is  not  far  from  the  isohyetal  line  of  20  inches. 
The  areas  between  these  isohyetal  lines  were  measured  by  planimeter, 
and  th^  average  rainfall  of  each  such  area  was  assumed  to  be  the  mean 
of  the  two  isohyetal  lines  limiting  it.  The  areas  were  then  multiplied 
by  their  average  rainfall,  the  products  summed  up,  and  the  total 
divided  by  the  total  area  of  the  country.  In  this  way  the  figure, 
29.4  inches,  was  obtained  as  the  mean  average  rainfall  of  the  United 
States. 

Another  use  has  been  made  of  these  data.  The  percentage  of  the  an- 
nual rainfall  which  was  received  during  the  six  warmer  months  was 
c  imputed  for  each  station,  and  the  results  platted  (PI.  II),  thus 
si  owing  the  preponderance  of  summer  or  winter  rainfall  through- 
out the  country.  Over  most  of  the  area  the  greater  part  of  the 
rain  occurs  in  the  warmer  season,  but  upon  the  Pacific  coast  and 
in  the  Rocky  Mountains  as  far  east  as  western  Montana,  eastern 
Idaho,  eastern  Utah,  and  Arizona  the  bulk  of  the  precipitation  comes 
in  the  colder  season.  The  highest  proportion,  three-fourths  to  four- 
fifths  of  that  of  the  year,  is  on  or  near  the  Pacific  coast,  and  the  propor- 
tion diminishes  eastward.  Again,  in  an  area  adjacent  to  the  Gulf  of 
Mexico,  winter  rainfall  preponderates  slightly.  The  highest  propor- 
tiona'  summer  rainfall  is  on  the  plains  east  of  the  Rocky  Mountai^s, 
where  it  ranges  from  three-fourths  to  four-fifths  of  that  of  the  year. 
In  the  Mississippi  Valley  and  on  the  Atlantic  plain  the  proportion 
which  falls  in  the  warmer  season  is  but  little  more  than  half  of  the 
annual  precipitation. 
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INCREASE. 


A  broad  and  comprehensive  review  of  river-discharge  records  in 
the  United  States  indicates  unmistakably  that  floods  are  increasing. 
It  is  true  that  the  opposite  tendency  maybe  shown  on  some  rivers, 
while  the  records  on  others  may  indicate  little  or  no  change;  but, 
taken  as  a  whole,  the  rivers  that  reveal  more  intense  flood  tendencies 
so  thoroughly  dominate  the  situation  that  the  conclusion  above  ex- 
pressed must  be  inevitable. 

It  will  be  well  to  consider  at  the  outset  just  what  index  may  be 
used  to  determine  the  trend  of  flood  tendencies.  It  is  common  in 
inquiries  of  this  character  to  select  and  compare  the  highest  stages 
attained  in  the  several  years  of  record,  and  because,  perchance,  higher 
floods  may  be  shown  in  early  years,  many  really  competent  persons 
have  believed  themselves  forced  to  the  conclusion  that  there  is  no 
increase  in  flood  tendency.  The  actual  height  attained  by  the  maxi- 
miun  flood  each  year  is,  however,  a  matter  of  small  consequence  in 
such  considerations.  A  little  reflection  will  show  how  this  must  be 
true.  The  precipitation,  which  is  the  ultimate  cause  of  floods,  takes 
three  courses,  only  two  of  which  are  really  important  in  the  present 
discussion,  namely,  the  course  along  the  surface  of  the  ground  di- 
rectly into  watercourses,  and  that  into  the  ground  by  percolation, 
with  subsequent  discharge  into  the  rivers  by  seepage.  In  general 
terms  it  may  be  stated  that  the  water  which  causes  floods  is  that  pro- 
portion of  the  precipitation  which  the  earth  does  not  absorb  and 
which,  therefore,  must  flow  along  the  earth's  surface.  Now  it  is  ap- 
parent that  when  precipitation  becomes  so  intense  and  long  continued 
that  it  practically  saturates  the  ground  the  rain  that  falls  thereafter 
must  take  the  direct  route  and  floods  must  necessarily  arise.  There- 
fore the  height  of  great  floods  is  fixed  primarily  by  the  intensity  of 
precipitation  and,  as  the  amount  of  rain  varies  from  year  to  year, 
now  bountiful  and  again  scanty  in  what  seem  to  be  fairly  uniform 
cycles  of  years,  the  observation  of  an  especially  high  flood  during 
an  early  year  compared  with  that  of  a  much  lower  one  during  a 
recpnt  year  can  give  no  index  to  flood  tendency  in  any  river.  The  real 
index  is  of  more  fundamental  origin  than  the  mere  occurrence  of 
high  floods. 
10 
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When  the  question  "Are  floods  increasing?"  is  asked,  the  consider- 
ations involved  are  not  those  of  height  but  those  of  duration  and 
frequency.  In  other  words,  the  question  means,  Are  floods  of  more 
frequent  occurrence  and  are  there  more  days  of  flood  than  formerly? 

Reverting  for  the  moment  to  the  discussion  in  the  foregoing  para- 
graphs, it  is  plain  that  floods  will  occur  more  frequently  in  response 
to  a  given  rate  of  precipitation,  if  there  are  in  the  drainage  area  in- 
fluences that  either  inhibit  or  prevent  the  ready  absorption  of  the 
rain  by  the  ground,  than  they  would  if  absorption  were  ideal.  Such 
ideal  condition  assures  complete  absorption  of  all  precipitation.  A 
rain  of  a  given  depth  in  a  unit's  time — say  2  inches  in  one  day — 
would  surely  produce  a  flood  in  a  drainage  area  which  was  nonab- 
sorbent.  On  the  other  hand,  the  same  amount  of  rain  would  not 
change  the  river  stage  if  the  conditions  enhancing  absorption  on  the 
drainage  area  were  ideal.  Between  these  two  extremes  there  are 
wide  and  varying  conditions  which  tend  to  increase  or  to  diminish 
the  resultant  floods  from  a  given  rainfall.  In  other  words,  the  ques- 
tion "Are  floods  increasing? "  means,  essentially.  Are  the  conditions 
of  the  surface  of  the  ground  in  the  river  basins  so  changing  that  they 
render  the  ground  less  absorbent  ?  If  this  be  the  case,  it  is  clear  that 
a  much  larger  proportion  of  the  precipitation  would  run  directly  off 
into  the  rivers  than  that  which  was  so  conducted  at  an  earlier  period. 

There  are  five  classes  of  agencies  or  conditions  affecting  the  flow 
of  streams.  The  first  is  climate,  under  which  are  comprised  rain- 
fall, evaporation,  temperature,  wind,  and  humidity.  Although  these 
are  exceedingly  variable  from  day  to  day  and  from  season  to  season, 
the  observations  that  have  been  recorded  indicate  that  a  period  of 
years  embraces  all  conditions,  so  that  the  mean  of  them  may  be  con- 
sidered fairly  constant.  There  is  very  little  evidence,  except  in 
special  areas,  that  reveals  any  progressive  and  permanent  change  in 
climatic  conditions.  The  second  agency  is  topography,  and  the  third 
geology,  both  of  which  may,  for  present  purposes,  be  considered  ab- 
solutely stable.  The  fourth  is  surface  vegetation,  which  includes 
forest  cover  and  cultivated  land.  This  is  subject  to  progressive 
change,  according  to  the  demands,  conveniences,  and  usages  of  so- 
ciety. The  fifth  consists  of  artificial  agencies',  such  as  storage,  reser- 
voirs, and  drainage,  which  produce  rapid  and  marked  effects  on  river 
discharge. 

Therefore,  the  consideration  of  river  discharge  and  especially  of 
floods  involves  the  appraisal  of  the  effects  of  climate,  vegetation, 
and  artificial  agencies.  The  other  two  agencies,  being  constant,  may 
be  left  out  of  consideration.  It  is  necessary  to  take  account  of 
these  conditions  in  connection  with  all  studies  of  progressive  flood 
trend.  This  emphasizes  the  futility  of  many  studies  that  have  here- 
tofore been  made,  in  which  not  only  have  the  extreme  flood  heights 
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been  the  basis  of  determination,  but  there  has  been  a  total  lack  of 
consideration  of  climatic  conditions,  especially  that  of  rainfall.  A 
river,  for  example,  may  show  a  progressive  decrease  in  flood  fre- 
quency during  a  period  of  years.  If  that  were  taken  alone  it  would 
indicate  a  decreasing  flood  trend;  whereas,  if  the  rainfall  be  com- 
pared progressively  in  the  same  manner,  it  might  readily  be  ^own 
that  the  flood  trend  was  increasing  rather  than  diminishing,  because 
the  precipitation  was  decreasing  faster  than  the  flood  frequency. 

The  above  considerations  have  been  kept  in  mind  in  the  study  of 
flood  frequency  here  presented.    The  accompanying  diagrams  (pp. 

13  to  20)  are  the  result  of  appropriate  studies  made  of  flood  oc- 
currence on  rivers  on  which  gages  have  been  maintained  for  a  long 
period,  the  longest,  in  fact,  of  which  there  are  available  and  useful 
records  in  this  country.  Examination  shows  conclusively  the  in- 
creasing trend  of  flood  occurrence  and  the  cause  thereof  comes  now 
properly  into  question. 

As  already  stated,  the  rainfall,  which  is  by  far  the  most  important 
of  the  climatic  conditions,  has  been  accoimted  for  in  these  diagrams, 
and  we  have,  therefore,  remaining  only  the  condition  of  the  ground 
surfaces  in  the  drainage  areas  and  artificial  agencies.  For  each  of 
these  rivers  artificial  agencies  may  be  eliminated.  Our  general 
knowledge  of  conditions  on  the  drainage  areas  gives  assurance  that 
there  has  been  no  reservoir  installation  of  extent  suflScient  to  modify 
in  the  slightest  degree  the  normal  conditions  of  flood  discharge. 
This  is  also  true  with  respect  to  artificial  drainage. 

Therefore  we  come  down  to  the  condition  of  the  land  surface,  or, 
as  above  expressed,  conditions  of  vegetation.  We  are  aware  that  on 
all  of  these  drainage  areas  there  has  been  progressive  cutting  of  tim- 
ber and  buUding  of  roads.  The  latter  improvements,  however,  have 
not  been  of  sufficient  extent  to  modify  in  any  appreciable  degree  the 
discharge.  A  computation  of  the  actual  road  areas,  including  the 
paved  streets,  etc.,  will  show  conclusively  that,  in  comparison  with 
the  total  area  under  consideration,  they  are  insignificant.  The  con- 
ditions of  cultivated  fields  rmdoubtedly  have  a  marked  influence  in 
modifying  the  rate  of  river  discharge,  and  it  is  certain  that  some  of 
the  effects  in  these  areas  are  due  to  this  cause.  The  cultivation  of 
fields  has,  however,  improved  markedly  in  recent  years.  The  fanner 
has  learned  to  a  considerable  degree  that  it  is  more  profitable  for 
him  to  cultivate  his  inclined  fields  by  contour  or  terrace  cultivation, 
and  a  cursory  view  of  the  areas  represented  in  the  accompanying  dia- 
grams will  show  that  to  a  very  large  extent  improved  methods  of 
cultivation  have  been  put  into  effect. 

Altogether,  when  the  physical  conditions  on  the  drainage  areas  are 
summed  up,  the  one  great  change  that  has  been  produced  in  the 
vegetative  conditions  is  the  reduction  of  forest  area.     On  some  of  these 
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FLOODS  ON  OHIO  RIVER  AT  WHEELING;  W.  VA.   1885-1907 
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FLOODS  ON  ALLEGHENY  RfVER  AT  FREEPORT.  PA.  1874-1907. 
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^  FLOODS  ON  MONONGAHELA  RIVER  AT  LOCK  NO.  4.  PA.    1886-1907. 
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FLOODS  ON  YOUGHIOGHENY  RIVER  AT  CONFLUENCE,  PA.   1875-1906: 
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FLOODS  ON  WATEREE  RIVER  AT  CAMDEN;  S.  C.  1892-1907. 
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FLOODS  ON  SAVANNAH  RIVER  AT  AUGUSTA.  GA.    1876-1906. 
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FLOODS  ON  ALABAMA  RIVER  AT  SELMA,  ALA.  1892-1907. 
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FLOODS  ON  CONNECTICUT  RIVER  AT  HOLYOKE.  WASS.  1874-1907. 
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drainage  areas  it  has  occurred  by  slow  progression  and  on  others 
more  rapidly.  It  is  certain  that  in  some  areas  this  forest  cutting 
has  caused  barren  conditions,  because  the  land  was  of  such  a  char- 
acter that,  after  it  was  relieved  of  forest  protection,  it  eroded  easily 
and  its  productive  portions  were  quickly  swept  into  watercourses. 

Summarily,  therefore,  it  may  be  stated  with  confidence  that  the 
increase  in  flood  tendency  shown  so  unmistakably  is  due  in  by  far 
the  largest  measure  to  the  denudation  of  forest  areas. 

Diagrams  on  pages  13  to  16  are  expressions  of  progressive  changes 
in  flood  occurrence  during  the  series  of  years  indicated  thereon. 
They  are  all  drafted  on  a  uniform  basis,  the  first  expression  in  each 
case  being  a  record  of  the  annual  precipitation  in  inches ;  the  second 
gives  the  number  of  days  in  each  year  that  the  gage  at  the  point 
designated  registered  above  a  certain  stage;  the  third  is  a  combina- 
tion of  the  first  two  and  gives  the  relation  of  the  number  of  days  of 
flood  to  the  precipitation.  Thus,  there  is  given  in  one  expression  the 
actual  trend  of  flood  occurrence  in  terms  of  precipitation.  This  form 
of  expression  eliminates  one  variable  in  the  conditions  governing 
flood  occurrence,  and  the  only  remaining  ones  to  be  considered  are 
vegetation  and  artificial  agencies,  as  discussed  in  previous  paragraphs. 

The  second  series  of  diagrams  on  each  sheet  gives  the  same  relations 
except  that  the  amounts  are  united  into  progressive  decades,  or  in 
oue  case  into  progressive  five-year  periods.  This  form  of  expression 
serves  to  neutralize  the  variability  that  occurs  in  the  successive  years 
and  gives  to  the  whole  diagram  a  progressive  trend  which  is  more 
comprehensive  and  more  easily  interpreted  than  the  statement  of 
actual  amounts.  Thus,  in  the  diagram  on  page  13,  the  first  progres- 
sive period  covers  the  interval  from  1885  to  1894,  the  second  that 
from  1886  to  1895,  and  so  on,  each  period  representing  ten  years, 
and  the  total  amount  of  rainfall  and  the  total  number  of  days  of  flood 
for  each  decade  are  expressed,  rather  than  the  average  amount  of  these 
quantities. 

In  interpreting  diagrams  of  this  kind  it  should  be  emphasized  that 
the  amounts  actually  shown  are  not  significant,  save  as  they  indicate 
the  relative  trend  of  the  successive  decades.  In  other  words,  the 
diagrams  indicate  direction,  and  should  be  so  interpreted. 

The  data  given  on  the  above-mentioned  sheets  relate  to  the  upper 
Ohio  drainage  area,  and  they  show  the  relation  of  flood  occurrence 
on  the  three  principal  tributaries  thereof — the  Allegheny,  Youghio- 
gheny,  and  Monongahela  rivers — to  flood  occurrence  on  the  Ohio  at 
Wheeling.  It  will  be  seen  that  in  each  case  there  has  been  a  marked 
increase  in  the  number  of  days  of  floods,  and  the  four  diagrams  can 
be  consistently  compared.  At  Wheeling  during  the  period  1885  to 
1907,  inclusive,  the  ratio  of  flood  occurrence  to  annual  precipitation 
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increased  from  0.38  in  the  first  half  of  the  period  to  0.48  in  the  secaJ 
half,  and  this  relation  is  shown  more  distinctly  in  the  similar  eipw- 
sion  with  the  amounts  given  in  totals  for  progre^ive  decades.  Tb 
gage  records  on  the  Allegheny  at  Freeport,  Pa.,  show  an  increase  ir 
this  ratio  from  0.86  in  the  first  half  to  1.04  in  the  second  half  of  A? 
period  1874  to  1907^  inclusive.  The  Monongahela  record  diow?  k 
increase  of  ratio  during  the  period  1886  to  1907,  inclusive,  from  0.4; 
in  the  first  half  to  0.55  in  the  second  half,  while  a  still  greater  divw 
gence  is  noted  on  the  You^iogheny,  the  ratio  for  the  period  IBT; 
to  1906,  inclusive,  increasing  from  0.35  in  the  first  half  to  0.47  in  tk 
second  half. 

Altogether,  these  diagrams  are  extremely  significant  in  showing  tbf 
progressive  increase  in  flood  occurrence  on  a  drainage  area  the  <t 
forestation  of  which  has  been  constant  and  rapid  for  the  past  thi/tj 
years.  It  began  first  on  the  Allegheny  and  the  results  are  appaitr 
in  the  diagrams.  Subsequently,  timber  cutting  began  on  the  MoDon^ 
gahela  and  Youghiogheny  areas  and  is  occurring  at  the  present  tiiK. 

Similar  results  are  shown  on  pages  17  to  19,  which  give  the  sua 
data  for  Wateree  River  above  Camden,  S.  C,  the  Savannah  abon 
Augusta,  Ga.,  and  the  Alabama  above  Selma,  Ala. 

Page  20  illustrates  a  record  of  flood  duration  on  Connecticut  Riwr 
at  Holyoke,  Mass.  This  river  basin  has  been  subject  to  contimwe 
deforestation  for  a  long  period.  Recent  testimony  shows  that  for  tk 
last  twenty  years  from  50,000,000  to  80,000,000  feet  B.  M.  of  timber 
have  been  released  over  the  dam  at  Turners  Falls  annually.  Record? 
of  private  logging  are  not  available,  but  it  is  known  that  the  d«- 
forestation  of  the  drainage  area  conmienced  some  time  previous  tc 
this  period. 

There  is  one  point  of  objection  that  may  reasonably  be  taken  to  the 
diagrams  above  discussed.  It  is  that  they  draw  comparison  betveff 
annual  precipitation  and  the  number  of  days  of  flood.  A  better  coo- 
parison  would  be  one  between  the  number  and  depth  of  flood-p^oda^ 
ing  rains  and  the  number  of  flood  days.  Such  a  comparison  has  b«B 
made  on  the  Tennessee  basin  above  Chattanooga.  No  other  basics 
are  here  dealt  with  in  this  way  because  of  the  enormous  amount  of 
labor  involved. 

In  addition  to  proving  beyond  controversy  the  increase  in  floot 
due  to  deforestation,  the  record  is  of  interest  because  it  shows  bov 
futile  and  misleading  is  the  attempt  to  derive  conclusions  froo 
flood  records  without  taking  into  account  records  of  precipitatioB- 
Inspection  of  the  Chattanooga  flood  record  shows  a  decided  decrea** 
in  the  number  and  duration  of  floods  during  the  period  of  record. 
If  this  were  taken  alone,  it  would  controvert  the  forest -control  idet 
A  comparison  of  the  precipitation  records  on  the  drainage  area* 
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however,  assures  us  that  the  rainfall  has  decreased,  even  to  a  greater 
relative  extent  than  the  floods.  The  final  result  is. that  the  flood 
tendencies  have  increased. 

The  results  for  the  Tennessee  basin  cover  24  years,  from  1884  to 
1907,  inclusive.  Although  the  records  of  gage  height  extend  fur- 
ther back  than  the  earlier  date,  the  number  of  rainfall  stations 
maintained  on  the  basin  previous  thereto  is  not  sufficient  to  render 
safe  any  conclusions  with  reference  to  precipitation.  It  is  appre- 
ciated that  a  given  depth  of  rainfall  precipitated  during  the  winter 
months  will  generally  produce  a  greater  run-off  than  the  same  depth 
would  produce  in  August  or  September.  Therefore  an  effort  has 
been  made  to  eliminate  this  source  of  error.  Summing  up  the  flood- 
producing  rains  for  the  24-year  period  it  is  found  that  the  total  is 
335,  of  which  313  occurred  from  December  to  May,  inclusive,  and  the 
remaining  22  during  the  other  portion  of  the  year.  It  is  apparent 
that  the  number  of  such  rains  from  June  to  November  is  not  sufficient 
to  afford  a  basis  of  comparison.  Therefore  only  the  December  to  May 
floods  will  be  considered.  In  making  this  comparison  the  ideal  con- 
diticm  would  be  to  compare  the  rainfalls  and  floods  during  identical 
conditions  of  climate,  but  such  a  refinement  is  impossible.  On  the 
other  hand,  the  multiplication  of  data  afforded  by  the  large  number 
of  flood-producing  storms  in  the  December  to  May  periods  warrants 
the  conclusion  that  the  varying  climatic  conditions  in  this  period  are 
compensated,  and  the  final  conclusions  drawn  from  the  result  must 
be  worthy  of  confidence.  On  dividing  the  period  covered  by  these  313 
floods  equally,  two  consecutive  12-year  periods  are  afforded,  which 
give  a  basis  of  comparison.  The  floods  in  the  later  period,  resulting 
from  a  given  depth  of  storm  precipitation,  are  clearly  shown  to  be 
more  severe  than  in  the  earlier  period.  The  method  of  presentation 
further  makes  it  possible  to  compute  the  increase  in  flood  tendency 
due  to  deforestation  in  the  Tennessee. 

The  relation  hettceen  stormn  and  floods  in  the  Tennessee  hasin  during  the 
periods  December-May,  inclusive,  188^-1895  and  1896-1907, 


Period. 


18M-18Q5.. 
l»6-ig07.. 


Storms  In  inches  precipitated. 


1  to  1.5. 


1.6  to  2. 


2  to  2.5. 


3 

00 


12 
11  I 


6 
10 


2.6  to  3. 


P 


3  to  3.6. 


15  1 
231 


6 
11  I 


aSi 


3.6  to  4. 


13 
13 


Digitized  by  VjOOQIC 


24 


CONSERVATION  OP  WATER  RESOURCES. 


The  relation  between  storms  and  floods  in  the  Tennessee  basin  during  the 
periods  December-May,  inclusive,  188^-1895  and  1896-1907 — Continued. 

4  to  4.5. 

Storms  In  inches  precipitated. 

4.6  to  5. 

5  to  5.5. 

6  to  6.5. 

7  to  7.5. 

8  to  8.5. 

Period. 

QQ 

1 
1 

O 

s 

1 

'3 

2 

•5 

1 

18 

1 

1 

1 

1 

1 

OQ 

1 

1 

1884-1885       

6 

8 

2 
3 

17 
20 

2        28 

1 

1806-1907 

1 

11 

1           17 

If  we  now  divide  the  number  of  flood  days  by  the  number  of 

storms,  the  result  will  be  the  number  of  days  per  storm.    Applying 

this  to  each  of  the  series  in  the  above  table,  the  following  result  is 

reached : 

Days  of  flood  per  storm. 


Period. 

Storms  In  inches  precipitated. 

1  to  1.6. 

1.6  to  2. 

2  to  2.5. 

2.5  to  3. 

3to3.& 

3.6  to  4. 

4to4.&      4.5to5. 

1884-18051 

a7 

.4 

a5 

.9 

2.6 
2.6 

1.8 
2.7 

2.6 
3.2 

6 

6 

6              &1 

1806-1907...... 

8              &7 

Percentage  increase. . 

-43 

80 

4 

50 

22 

20 

33 

-17 

The  algebraic  sum  of  the  above  percentages  is  149.00  and  the  aver- 
age is  18.75,  which  sums  up  the  effect  of  deforestation  on  run-off 
from  1884  to  1907,  inclusive. 

FLOOD  DAMAGES. 

A  complete  census  of  flood  damages  for  any  year  or  series  of 
years  has  never  been  attempted.  Therefore,  it  will  be  impossible  to 
present  any  figures  for  which  precision  may  be  claimed.  The  dam- 
ages for  particular  floods  in  certain  areas  have  from  time  to  time 
and  for  one  or  another  purpose  been  assembled  and,  in  a  few  places, 
examinations  have  been  made  with  great  care  by  commissions  and 
boards  especially  qualified  for  such  work.  The  results  of  such  ex- 
aminations may  be  taken  to  form  a  basis  for  an  estimate;  but,  for 
the  present  purpose,  a  better  basis  has  been  made  available.  During 
the  present  year  the  Geological  Survey  has  made  inquiry  of  all  the 
railroads  in  the  United  States  concerning  flood  losses  during  the 
period  January  1, 1900,  to  August,  1908.  The  railroads  were  selected 
for  this  purpose  because  it  is  well  known  that  they  are,  by  reason  of 
their  location  and  extent,  subject  to  far  greater  physical  damage  than 
any  other  single  interest,  and  it  was  believed  that  from  the  figures 
so  procured  a  fairly  representative  basis  of  estimate  might  be  obtained. 
From  previous  studies  of  this  matter  it  appeared  that  the  railroad 
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losses  resulting  from  floods  amount  to  about  10  per  cent  of  the  total 
physical  loss  arising  therefrom,  excluding,  of  course,  the  largest  single 
item  of  loss,  which  is  the  depreciation  of  realty  values  arising  from 
flood  menace.  The  figures  here  presented  will  therefore  exclude  all 
consideration  of  this  kind  of  loss. 

The  proportion  of  10  per  cent  was  arrived  at  from  three  points  of 
view: 

First.  It  has  been  the  observation  of  the  writer  that,  as  a  rule,  the 
reported  losses  to  railroads  from  floods  have  amounted  to  about  this 
proportion. 

Second.  The  actual  investigations  of  flood  losses,  made  by  ap- 
praisal boards,  and  individual  property  returns  covering  fairly  wide 
areas  have  approximated  this  proportion.  Undoubtedly  the  most 
complete  and  comprehensive  investigation  of  this  kind  was  carried 
on  by  the  northern  New  Jersey  flood  commission  in  1903,  after  the 
great  flood  that  arose  in  October  of  that  year  along  Passaic  River. 
The  region  comprehended  in  this  investigation  may  be  considered  a 
typical  one.  It  comprised  the  usual  proportion  of  farm  lands,  city 
areas,  highway  bridges,  railroad  property,  etc.,  and  the  proportion 
of  railroad  loss  there  was  almost  exactly  10  per  cent  of  the  total. 

Third.  One-tenth  of  the  wealth  of  the  United  States  consists  of 
railroad  property.  This  proportion  was  therefore  used  in  the  follow- 
ing estimates. 

During  each  of  the  periods  above  named  the  returns  from  the  rail- 
roads involved  a  varying  percentage  of  the  total  mileage  of  the 
eomitry.  The  mileage  involved  in  each  yearly  estimate  has  been 
expressed  as  a  percentage  of  the  total  mileage  for  that  year,  as  given 
in  the  reports  of  the  Interstate  Commerce  Commission.  The  several 
amounts  were  increased  from  the  percentage  that  they  represented 
to  100  per  cent,  to  cover  the  entire  mileage  of  the  country.  Inspection 
of  the  returns  showed  that  this  was  a  fair  and  reasonable  method, 
because  the  reports  were  well  distributed  and  represented  a  true  pro- 
portion of  that  which  might  be  expected  to  be  the  damage  on  the 
total  mileage.  This  figure  was  then  considered  as  10  per  cent  of  the 
total  damage  for  the  whole  country  and  increased  accordingly.  The 
results  are  given  in  the  following  table: 


Year. 

Damage 
reported. 

Percentage 
of  total 

mileage  re- 
poTied. 

Total  rail- 
road damage. 



$4,567,500 
4,543.800 
6,520,100 
9,722,000 
7.884.100 
9,858.972 
7, 312, 400 
11,823.800 
23,786,000 

Estimated 
total  damage. 

1900 

$666,253 
958,740 
1,225,468 
2,654,192 
2,476,724 
3,286,324 
2,727,511 
4,623,106 
6,517,577 

14.6 
21.1 
22.2 
27.3 
31.3 
33.3 
37.3 
39.1 
27.4 

$45,675,000 

1901 

45,438,000 

1908  .                                               

55,201,000 

1903 

97,220,000 

1904 

78,841,000 

1905 

98,589,720 

1906 

73,124,000 

1907 

118,238,000 

1908.... 

237,860,000 

Digitized  by  VjOOQIC 


26  CONSERVATION   OF  WATER  RESOURCES. 

STORAGE  OF  FLOOD  WATEBS. 

In  the  northeastern  portion  of  the  country  there  has  been  a  large 
installation  of  reservoirs  and  a  consequent  saving  of  enormous 
amounts  of  flood  water.  The  numerous  lakes  in  that  part  of  the 
United  States,  irrespective  of  those  that  have  been  developed  arti- 
ficially, have  a  beneficial  effect.  It  is  probable  that  10  per  cent  of 
the  flood  waters  that  originate  in  New  York  and  New  England  are 
saved  by  storage  in  artificial  reservoirs,  lakes,  and  ponds.  In  Minne- 
sota, at  the  head  of  upper  Mississippi  Kiver,  practically  the  entire 
flood  drainage  from  an  extensive  area  is  conserved.  In  the  arid 
West  there  has  been  an  extensive  installation  of  reservoirs,  some  of 
which  conserve  practically  all  the  flood  waters  on  their  respective 
basins.  Considering  the  country  as  a  whole,  however,  it  is  doubtful 
if  more  than  1  per  cent  of  the  flood  water  is  saved. 

The  storage  of  floods  is  effected  by  forests  and  similar  surface  vege- 
tation and  by  artificial  reservoirs.  The  amount  stored  by  forests  is 
and  probably  will  for  a  long  time  to  come  be  indeterminate,  since 
the  forest  is  merely  an  agent  in  assisting  the  ground  to  absorb  the 
water.  The  storage  is  therefore  essentially  ground  storage  and  the 
ability  of  the  forest  to  enhance  this  is  dependent  absolutely  on  the 
character  of  the  soil  beneath  the  forest.  Therefore,  to  fully  answer 
the  question,  "  To*  what  extent  could  flood  waters  be  stored  by  for- 
ests ? ''  it  would  be  necessary  to  consider  minutely  the  absorption 
properties  of  the  various  kinds  of  land  surface  in  the  United  States. 
It  will  be  possible  at  some  future  time  to  give  an  approximate  and 
exceedingly  useful  reply  to  this  question;  but  before  that  time 
arrives  we  must  have  more  long-term  gage  records  on  our  rivers. 
The  diagrams  presented  with  this  paper  (pp.  13  to  20)  constitute 
as  useful  records  as  there  are  extant  in  the  country,  and  a  short 
consideration  of  them  will  plainly  reveal  the  fact  that,  while  they 
are  exceedingly  useful  in  indicating  the  trend  of  flood  duration  and 
frequency,  they  do  not  yet  yield  sufficient  information  to  give  even 
the  widest  approximation  of  the  amount  of  water  or  the  proportion 
of  run-off  that  can  be  conserved. 

The  question  is  therefore  one  for  the  future,  and  our  stream  inves- 
tigations should  be  carried  on  with  this  as  one  of  the  purposes  in 
view. 

The  extent  to  which  flood  waters  could  be  stored  by  reservoirs 

depends  on  the  available  reservoir  capacity  in  the  several  river 

.  basins.    As  a  rule,  the  more  diversified  the  character  of  these  basins, 

especially  in  contour,  the  greater  facilities  they  afford  for  reservoir 

storage. 

There  is  a  great  portion  of  the  Mississippi  Valley  in  which  floods 
are  not  subject  to  correction  under  the  reservoir  plan.    This  is  also 
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true  of  certain  coastal-plain  streams  like  the  Brazos  and  Colorado. 
It  is  probable  that  the  streams  draining  one-third  of  the  area  of  the 
United  States  must  forever  be  subject  to  floods,  and  the  only  treat- 
ment that  now  appears  feasible  for  these  streams  is  the  construction  of 
levee  systems.  For  the  remaining  two-thirds  of  the  United  States, 
investigations  so  far  made  indicate  that  from  55  to  60  per  cent  of  the 
flood  waters  can  be  saved  by  the  utilization  of  maximum  storage 
capacity.  Although  the  cost  of  such  construction  would  be  enormous 
in  the  aggregate,  it  is  apparent  that  the  saving  that  would  accrue 
from  relief  from  flood  damages  alone  would  soon  return  the  entire 
investment.  A  glance  at  the  estimated  flood  damages  in  the  United 
States,  page  25,  shows  the  possibilities.  In  this  connection,  it  should 
be  stated  that  in  by  far  the  larger  proportion  of  the  basins  a  saving 
of  55  to  60  per  cent  of  the  flood  waters  would  insure  practically 
entire  relief  from  flood  damages.  It  is  not  necessary  to  prevent  floods 
absolutely ;  or,  in  other  words,  it  is  not  necessary  to  secure  uniformity 
of  flow  in  any  river  in  order  to  secure  relief  from  flood  damages. 
The  construction  of  the  reservoirs  necessary  to  prevent  floods  would, 
under  proper  management,  involve  an  increase  in  the  water-power 
possibilities  of  the  United  States  equal  to  about  60,000,000  horse- 
power. In  the  arid  West  the  construction  of  reservoirs  for  flood 
prevention  would  provide  water  suflScient  for  the  reclamation  of 
many  million  acres  of  now  worthless  land.  All  of  this,  together  with 
the  assistance  that  such  reservoirs  would  lend  to  navigation,  consti- 
tutes the  saving  that  would  accrue  from  their  construction.  We  are 
unable  at  the  present  time  even  to  approximate  the  total  figure,  and 
therefore  it  must  be  sunmied  up  in  the  term  "  vast'' 
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Compiled  by  the  Bareaa  of  the  Census,  under  the  direction  of  W.  M.  Stetabt. 
Chief  Statistician   for   Manofictures. 

Discussion  by  H.  O.  Lcighton. 


SOUBCES  OF  DATA. 

A  special  census  of  the  developed  water  powers  of  the  United 
States  has  been  made  by  the  Bureau  of  the  Census  for  the  specific 
purposes  of  the  conservation  report.  Previous  inquiries  of  the  same 
kind,  made  by  this  bureau,  afforded  a  record  of  the  names  and  loca- 
tions of  practically  all  the  water-power  developments  that  had  taken 
place  up  to  the  dates  thereof,  and  this  record  was  used  as  the  basis  for 
the  new  census.  Information  concerning  the  developments  that  have 
been  made  since  the  date  of  the  last  census  was  procured  through  the 
Geological  Survey,  Forest  Service,  Bureau  of  Corporations,  Post- 
OfRce  Department,  and  many  other  agencies,  both  state  and  national. 
Special  inquiry  blanks  were  sent  to  all,  including  those  that  had  fig- 
ured in  past  censuses. 

In  making  the  new  census  it  was  necessary  to  procure  the  data  in 
large  measure  by  mail,  and  therefore  it  was  necessary  to  simplify 
the  inquiry  and  to  secure  only  the  facts  absolutely  necessary  to  a  com- 
prehensive summary  of  the  developed  water  powers.  The  inquiry 
blank  used  for  this  purpose  is  reproduced  below : 

[Return  this  card  to  the  Department  of  Commerce  and  Labor,  Bureao  of  the  Census, 

Waahlngton.  D.  CJ 

Water  Power,  1908. 

This  office  is  engaged  In  the  preparation  of  a  report  on  the  developed  and 
undeveloped  water  power  of  the  United  States.  If  you  use  water  power,  please 
answer  the  following  inquiries.  If  you  do  not  use  water  power,  please  so  state, 
and  give  the  names  and  addresses  of  any  power  plants  in  your  neighborhood. 
The  card  shouJd  i>e  returned  in  the  inclosed  official  envelope. 

Name 

Post-office State 

liocation  of  plant:  County State 

Name  of  river  or  stream  on  which  plant  is  located 

Number  of  water  wheels Maximum  horsepower 

Hor8ei)ower  actually  develoi)ed  during  low-water  season 

Additional  power  that  may  be  developed  at  same  point  on  the  same  river  or 

stream,  horsepower 

Auxiliary  steam  i)ower  used  in  same  plant,  horsepower 

Character  of  industry 

(Give  name  of  principal  product.) 
Give  names  and  addresses  of  other  power  plants  in  your  neighborhood 

28 
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The  character  of  the  returns  and  the  proportion  of  replies  received 
indicate  that  the  census  is  fairly  complete.  It  is  known  that  a  greater 
number  of  the  plants  not  accounted  for  in  this  census  are  of  small 
capacity.  There  is,  of  course,  some  deficiency  in  the  total;  but 
it  is  believed  that  this  is  compensated  by  the  general  tendency  among 
water-power  owners  to  return  statements  based  on  actual  wheel  capac- 
ity installed  rather  than  actual  minimum  power  developed  during 
Ihe  extreme  low-water  season.  In  all  wheel  installation  it  is  the  prac- 
tice to  develop  above  the  minimum  flow,  and  it  follows  that  in  the 
majority  of  power  plants  there  must  be  a  tendency  to  overstate  the 
power  actually  developed  during  the  lowest  water.  The  final  figures 
represent  what  is  believed  by  those  most  conversant  with  the  situation 
to  be  a  reasonably  accurate  summary  of  the  water  power  now  devel- 
oped in  the  country. 

The  material  procured  from  the  census  has  been  arranged  by  drain- 
age areas  and  combined  into  grand  divisions,  according  to  the  plan 
followed  in  the  report  on  undeveloped  water  power. 

DEVELOPED  POWEBS. 

Accompanying  Table  No.  1  gives  a  general  summary  of  the  horse- 
power developed  in  the  United  States  and  the  number  of  wheels  used 
for  such  development.  It  will  be  noted  that  this  table  gives  results 
according  to  States  as  well  as  according  to  grand  divisions. 

Some  interesting  facts  are  shown.  The  total  development  in  the 
country  is  5,3565680  horsepower  over  52,827  wheels,  or  an  average 
development  pej^wheel  of  about  100  horsepower.  In  the  Northern 
Atlantic  division  there  has  been  a  greater  water-power  development 
than  in  any  other,  the  total  installation  being  1,746,303  horsepower. 
The  only  other  division  that  approaches  the  Northern  Atlantic  in 
development  is  that  covering  the  drainage  area  of  the  St.  Lawrence, 
including  the  Great  Lakes,  where  there  has  been  a  development  of 
1,018,283  horsepower.  The  great  power  development  in  the  Northern 
Atlantic  division  may  largely  be  explained  by  the  fact  that  the  use 
of  water  power  therein  began  at  an  earlier  period  than  in  any  other 
divison.  New  England  and  the  Middle  Atlantic  States  are  and  have 
been  essentially  manufacturing  in  character,  and  water-power  devel- 
opment has  followed  as  a  matter  of  course.  It  is  also  true  that  the 
presence  of  good  powers  in  large  numbers  in  this  region  has  encour- 
aged such  development. 

Comparisons  of  wheel  capacities  installed  in  various  parts  of  the 
country  are  interesting.  While  the  total  figures  show  that  the  aver- 
age power  per  wheel  is  100  horsepower,  the  units  in  the  various  dis- 
tricts vary  as  follows : 
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Division. 

Unit 

capacity 

horsepower 

per  wheel. 

Division. 

Unit 

capacity 

horsepower 

per  wheel 

Northera  Atlantic 

80 
77 
42 
47 
60 
139 

St.  LawTPnoe. . . , , 

1« 

Southern  A  tlantlc 

Colorado  River 

m 

Eastern  Qulf  of  Mexico..  . 

Southern  Pacific 

us 

2B6 

12& 

Western  Gulf  of  Mexico 

Northern  Pacific 

Eastern  Mississippi 

Interior  drainage . . 

Western  Mississippi 

Arctic  Ocean.." 

The  large  number  and  small  unit  capacity  of  wheels  in  the  eastern 
part  of  the  country  compared  with  the  smaller  number  and  larger 
capacity  in  the  western  portions,  including,  especially,  the  rivers 
draining  from  the  Kocky  Mountains  and  the  Sierras,  may  be  ex- 
plained :  First,  by  the  fact  that  in  the  eastern  and  central  portions  of 
the  country  the  power  privileges  are  of  smaller  capacity ;  and  second, 
by  the  fact  that  in  the  eastern  portions  of  the  country  a  large  number 
of  the  powers  were  installed  at  an  early  date,  when  it  was  the  rule 
to  establish  small  units.  More  recent  practice  has  involved  the  estab- 
lishment of  larger  units,  and  as  the  western  installations  are  all  recent, 
this  practice,  taken  together  with  the  existence  of  larger  power 
privileges,  gives  the  result  that  might  be  expected  from  a  general 
survey  of  the  situation. 

Table  1  shows  that  New  York  State  has  the  largest  water-power 
development,  the  total  being  885,862  horsepower.  It  is  proper  to  add 
that  the  Niagara  powers  on  the  New  York  side  assist  largely  in  mak- 
ing up  this  figure.  The  second  State  in  water-power  development  is 
California,  the  total  being  466,774  horsepower,  over  1,070  wheels,  or  s 
unit  installation  of  about  436  horsepower.  Water-power  development 
in  California  is  comparatively  recent.  The  third  State  is  Maine,  with 
343,096  horsepower,  over  2,797  wheels,  or  an  average  of  123  horse- 
power per  wheel.  As  the  use  of  water  power  in  this  State  is  com- 
paratively ancient,  the  contrast  in  unit  capacity  between  it  and 
California  is  significant. 

Among  the  other  interesting  points  is  the  fact  that,  although,  as 
shown  by  the  report  on  undeveloped  water  power,  the  Northern  Pa- 
cific division  can  be  made  to  furnish  about  one-third  of  the  total 
minimum  horsepower  of  the  country,  there  is  at  the  present  time  a 
development  of  only  450,000  horsepower,  which  indicates  clearly  that 
the  most  fertile  field  for  power  development  remaining  in  the  United 
States  is  this  northwestern  country. 

Table  2  gives  the  installations  by  districts  and  drainage  areas, 
special  comment  concerning  which  is  unnecessary. 

Census  returns  show  that,  out  of  a  total  of  31,537  powers  reported, 
602  are  of  capacity  of  1,000  horsepower  or  more.  Recent  progress 
in  water-power  development  has  been  marked  by  great  installations. 
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In  former  years  the  aggregate  water  power  utilized  in  the  country 
was  made  up  largely  of  small  units,  which,  while  useful  for  local 
purposes  and  worthy  of  development,  are  not  relatively  important  in 
the  great  question  of  power  economics.  The  following  summary  gives 
the  distribution  of  the  powers  of  1,000  horsepower  and  greater  ca- 
pacity, and  it  shows  clearly  that  what  was  formerly  believed  to  be  an 
unconmionly  great  installation  must  now  be  considered  a  compara- 
tively small  feature. 

Capacity  distribution  of  powers  of  1,000  horsepower  and  more, 

1,000  to  5,000 450 

5,000  to  10,000 (C> 

10,000  to  15,000 27 

15,000  to  20.000 13 

20,000  to  25,000 17 

25.000  to  40.000 U 

40,000  to  60,000 4 

60,000  to  100.000 3 

100,000  and  over li 

Total 002 

Number  of  water  powers  by  States  and  Territories,  1908. 


United  States .31.537 


Alabama 1,382 


Alaska 

Arizona 

Arkansas  

California 

Colorado 

Connecticut 

Delaware 

District  of  Columbia- 
Florida 


31 

29 

203 

559 

230 

893 

119 

1 

166 

Georgia 1,596 


Idaho 

Illinois. - 
Indiana—- 

lowa 

Kansas  __- 
Kentucky  . 
Louisiana  - 


199 

155 

222 

207 

118 

691 

64 

Maine 1,222 

Maryland 496 

Massachusetts 1.370 

Michigan 657 

Minnesota 195 

Mississippi 273 


Missouri 277 

Montana 94 

Nebraska 157 

Nevada 32 

New  Hampshire '876 

New  Jersey 560 

New  Mexico 48 

New  York 3,148 

North  Carolina 2,614 

North  Dakota 9 

Ohio 480 

Oklahoma 25 

Oregon 345 

Pennsylvania 3,721 

Rhode  Island 191 

South  Carolina 846 

South  Dakota 45 

Tennessee 1,793 

Texas 147 

Utah - 200 

Vermont 1, 148 

Virginia 2.  243 

Washington 322 

West  Virginia 525 

Wisconsin 580 

Wyoming 33 
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UNDEVELOPED  WATER  POWERS. 


By  M.  O.  LciQHTOif. 


The  surveys  and  examinations  necessary  to  a  thorou^  and  accu- 
rate report  of  the  water-power  resources  of  the  United  States  have 
never  been  completed.  In  certain  parts  of  the  country  the  facts  are 
sufficiently  well  known  to  make  it  possible  to  present  a  tolerably 
accurate  statement.  In  other  parts  the  information  is  fragmentary, 
and  therefore  power  estimates  must  be  considered  approximate. 
Taken  as  a  whole,  however,  the  schedule  here  appended  will  be  suffi- 
cient for  the  purposes  for  which  it  was  prepared. 

In  order  to  present  the  information  in  a  systematic  way,  the  drain- 
age areas  of  the  United  States  have  been  united  into  groups  accord- 
ing to  geographic  distribution.  These  group  boundaries  have  been 
arbitrarily  determined  according  to  what  seems  to  be  the  most  con- 
venient arrangement  for  the  purposes  of  this  report.  The  grouping 
is  as  follows:  Atlantic  Ocean,  Pacific  Ocean,  Arctic  Ocean,  and  in- 
terior drainage.  These  groups  have  been  subdivided  into  12  principal, 
divisions,  as  follows:  I.  Northern  Atlantic;  II.  Southern  Atlantic; 
III.  Eastern  Gulf  of  Mexico;  IV.  Western  Gulf  of  Mexico;  V. 
Mississippi  River  (tributaries  from  the  east) ;  VI.  Mississippi  River 
(tributaries  from  the  west);  VII.  St.  Lawrence;  VIII.  Colorado 
River;  IX.  Southern  Pacific;  X.  Northern  Pacific;  XI.  Great 
Basin;  XII.  Hudson  Bay. 

SOUBCES  OF  DATA. 

The  data  used  in  this  report  have  been  obtained  from  the  following 
sources : 

The  records  of  flow  are  mainly  from  the  reports  and  files  of  the 
water-resources  branch  of  the  United  States  Geological  Survey. 
As  the  period  over  which  these  records  extend  varies  in  length,  a 
seven-year  period,  extending  from  1900  to  1906,  inclusive,  was  taken 
as  a  basis  and  all  values  of  flow  are  the  mean  for  these  years. 

The  profiles  and  elevations  have  been  obtained  as  follows: 

(a)  River  surveys  made  by  the  United  States  Geological  Survey, 
U.  S.  Army  Eingineer  Corps,  and  others. 

(6)  Elevations  as  given  by  railroad  and  other  levels. 
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(c)  Dictionary  of  Altitudes,  Bulletin  No.  274,  United  States 
Geological  Survey. 

(d)  United  States  Geological  Survey  topographic  maps. 

(e)  Miscellaneous  maps  and  reports  of  various  State  and  other 
organizaticHis. 

In  the  use  of  maps  the  following  .preferences  have  been  given: 
(1)  United  States  Geological  Survey  topographic  sheets ;  (2)  special 
detailed  surveys;  (3)  General  Land  Office  maps;  (4)  United  States 
post-route  maps;  (5)  Band  &  McNally  Atlas  sheets. 

WATEB  POWEB. 

The  schedule  presented  in  this  report  gives  the  amount  of  avail- 
able water  power  according  to  three  classifications — (1)  that  which 
may  be  produced  by  the  minimum  flow;  (2)  the  assumed  maxi- 
mum development;  and  (3)  the  additional  power  that  may  be 
recovered  by  developing  the  available  storage  capacity  in  the  upland 
basins  and  using  stored  water  to  compensate  the  low-water  periods. 
The  data  as  a  whole  have  been  considered  without  reference  to 
present  practicability  of  development  or  present  market.  For  the 
purposes  of  this  report  it  has  been  assumed  that  all  the  power  in 
the  United  States  will  some  day  be  required.  Such  an  interpretation 
is  the  logical  one  when  natural  resources  are  being  considered.  In 
other  words,  the  schedule  here  presented  must  be  interpreted  for  the 
future  rather  than  for  the  present.  The  reader  should  not  assume 
that  all  the  power  here  shown  is  economically  available  to-day. 
Much  of  it,  indeed,  would  be  too  costly  in  development  to  render 
it  of  commercial  importance  under  the  present  conditions  of  market 
and  the  price  of  fuel  power.  The  schedule  shows  therefore  what 
will  be  the  maximum  possibilities  in  the  day  when  our  fuel  shall  have 
become  so  exhausted  that  the  price  thereof  for  production  of  power 
is  prohibitive,  and  the  people  of  the  country  shall  be  driven  to  the 
use  of  all  the  water  power  that  can  reasonably  be  produced  by  the 
streams. 

Consideration  has  been  given  to  all  the  conditions  that  determine 
the  possibilities  of  power  production  on  the  various  rivers  of  the 
country.  Especially  has  the  slope  of  the  stream  channels  been  scru- 
tinized. Theoretically,  of  course,  the  energy  developed  by  the  vari- 
ous rivers  is  that  produced  by  the  total  fall  of  the  water  from 
source  to  mouth,  but  it  has  not  been  assumed  that,  even  under  ideal 
conditions  of  market,  all  this  power  will  ever  be  commercially 
available.  The  flatter  portions  of  the  river  channels  can  never  be 
profitably  developed  for  power  and  they  have  not  been  included  in 
the^schedule.  The  rivers  have  been  divided  into  sections  of  varying 
length,  determined  by  channel  slope,  and  the  fall  and  flow  of  each 
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section  have  been  obtained  from  the  best  available  source  of  in- 
formation. The  records  of  stream  flow  collected  by  the  water- 
resources  branch  of  the  Geological  Survey  have  almost  uniformly 
been  the  only  available  resort,  although  acknowledgments  should  be 
made  to  the  state  water-supply  commissions  of  New  York  and  Penn- 
sylvania; the  state  engineers,  of  New  York,  Colorado,  California, 
Oregon,  and  Nebraska;  the  territorial  engineer  of  New  Mexico; 
the  state  geological  surveys  of  Maine,  New  Jersey,  North  Carolina, 
Virginia,  Georgia,  and  Wisconsin ;  and  various  other  bodies  and 
individuals,  public  and  private,  who  in  the  past  have  maintained 
measurements  in  cooperation  with  the  United  States  Geological 
Survey  or  independently.  Use  has  also  been  made  of  certain  river 
gage  records  of  the  United  States  Weather  Bureau  and  of  the  Corps 
of  Engineers,  U.  S.  Army. 

In  determining  the  flow  for  the  various  sections  the  data  of  flow 
per  square  mile,  procured  from  the  sources  above  enumerated,  have 
been  applied.  The  drainage  areas  above  the  upper  and  the  lower 
limits  of  each  section  have  been  determined  and  a  mean  taken  for  the 
whole  section.  This  has  been  used  as  a  factor  along  with  the  flow  per 
square  mile  in  determining  the  minimum  flow  for  that  section.  This 
figure,  together  with  90  per  cent  of  the  total  fall  from  head  to  foot, 
has  been  used  to  determine  theoretical  horsepowers,  according  to  the 
usual  formulas.  It  is  obvious  that  in  practice  the  entire  fall  along 
any  stretch  of  river  or  at  any  power  privilege  can  not  be  effectively 
utilized.  In  few  places  can  even  90  per  cent  be  utilized  at  the  pres- 
ent time ;  but,  inasmuch  as  these  figures  are  supposed  to  cover  future 
as  well  as  present  practice,  and  inasmuch  as  it  may  reasonably  be 
assumed  that  future  practice  in  water-power  installation  will  im- 
prove, it  is  believed  that  90  per  cent  of  the  fall  along  any  particular 
power  privilege  or  section  may  eventually  be  realized. 

The  results  of  calculations  of  theoretical  power  on  90  per  cent 
total  fall  have  been  reduced  10  per  cent  to  allow  for  inefficiency  of 
wheels.  It  is  recognized  that  90  per  cent  efficiency  is  too  high  to  be 
used  in  calculations  of  power  at  the  present  time,  75  or  80  per  cent 
being  the  usual  installation  maximum.  Here  again,  however,  we  are 
computing  for  future  conditions,  as  well  as  present  ones,  and  it  may 
confidently  be  expected  that,  with  the  improvement  of  turbines,  a 
greater  percentage  of  the  theoretical  power  will  be  realized  on  the 
shaft  and  improvements  will  before  long  render  possible  a  90  per  cent 
efficiency. 

In  determining  the  minimum  horsepower,  the  minimum  flow  for 
the  lowest  two  consecutive  seven-day  periods  in  each  year  was  de- 
termined and  the  mean  of  these  values  for  the  period  of  record  was 
taken  as  the  minimum  flow.     It  is  obvious  that  this  is  somewhat 
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higher  than  the  absolute  minimum,  but  the  latter  is  usually  of  so  short 
duration  that  it  does  not  equal  the  practicable  minimum  that  may 
profitably  be  installed. 

The  assumed  maximum  economical  development  has  been  deter- 
mined on  the  assumption  that  it  is  good  commercial  practice  to 
develop  wheel  installation  up  to  that  amount  the  continuance  of 
which  can  be  assured  during  six  months  of  the  year,  on  the  assump- 
tion that  the  deficiency  in  power  during  the  remainder  of  the  year 
can  be  profitably  provided  by  the  installation  of  fuel  power  plants 
as  auxiliaries.  In  many  parts  of  the  country  it  has  been  shown  con- 
clusively that  it  is  economical  to  develop  up  to  that  amount  which 
can  be  had  continuously  during  the  highest  four  months  of  the  year, 
and,  while  it  is  probable  that  there  are  parts  of  the  country  where 
the  Umit  should  be  the  highest  eight  or  ten  months,  it  is  believed  that 
the  period  used  in  these  schedules  is  a  very  conservative  average.  The 
minimum  weekly  flow  for  each  month  of  the  year  has  been  arranged 
according  to  magnitude,  and  the  sixth  value  has  been  taken  as 
the  basis  for.  estimating  the  power,  the  mean  of  *these  values  for  the 
record  period  in  each  case  being  that  used  in  the  computations. 

An  endeavor  has  t)een  made  to  determine  the  maximum  power  that 
might  be  produced  if  the  practicable  maximum  storage  available  on 
the  drainage  areas  were  established.  Surveys  on  many  of  the  basins 
make  possible  a  fairly  close  statement ;  but,  inasmuch  as  fully  three- 
fourths  of  the  country  has  not  been  surveyed  in  a  manner  suitable  for 
this  purpose,  only  rough  estimates  can  be  given  for  the  entire  area. 
There  are  two  methods  by  which  an  approximate  estimate  of  total 
power  can  be  made. 

The  first  is  to  consider  the  power  on  those  drainage  areas  for  which 
suitable  surveys  are  available  and  to  increase  the  amount  by  the  equiv- 
alent of  the  proportion  left  unsurveyed.  An  examination  of  the  facts 
will  show  that  the  amount  obtained  by  this  method  will  be  too  low. 
It  is  apparent  from  a  review  of  the  index  map  showing  the  areas  cov- 
ered by  such  surveys  that  a  fairly  large  proportion,  probably  one- 
third,  comprises  country  in  which  good  reservoir  sites  are  either  lack- 
ing or  are  uncommon  in  occurrence.  Such  portions  include  large 
parts  of  the  Dakotas,  Nebraska,  Kansas,  Oklahoma,  Texas,  and 
Louisiana,  together  with  great  areas  on  the  Atlantic  and  Pacific 
coastal  plains.  Therefore  to  increase  the  total  available  water  power 
from  storage  that  may  be  computed  on  surveyed  portions  by  the  ratio 
of  total  surveyed  portions  to  the  entire  country  would  hardly  do  jus- 
tice to  the  situation.    Nevertheless,  the  figures  are  here  presented. 

It  is  found  that  the  total  power  available  in  the  surveyed  portions, 
including  storage,  is  about  53,000,000  horsepower.  If  this  be  consid- 
ered as  one-fourth,  to  correspond  with  the  portion  of  the  country 
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surveyed,  the  total  power  of  the  country,  with  practical  maximum 
storage  will  be  about  212,000,000  horsepower. 

The  second  method  of  computation  involves  consideration  of  the 
increase  of  power  available  from  storage  in  the  several  portions  of  the 
country  in  which  surveys  have  been  made,  and  applying  the  ratio  of 
increase  to  unsurveyed  and  similar  country  in  those  regions.  The 
topographic  surveys,  while  they  cover  only  one-fourth  of  the  total 
area  of  the  country,  have  nevertheless  been  prosecuted  in  all  sections, 
so  that  the  storage  data  are  applicable  to  all  physiographic  types 
that  are  comprised  within  the  United  States.  Applying  the  informa- 
tion in  this  way,  we  obtain  a  grand  total  of  230,800,000  horsepower, 
which,  it  appears  to  the  writer,  is  a  more  accurate  figure  than  that 
obtained  by  the  first  method. 

In  any  case,  therefore,  it  may  be  assumed  with  confidence  that, 
were  all  practicable  storage  sites  utilized  and  the  water  properly 
applied,  there  might  be  established  eventually  in  the  country  a  total 
power  installation  of  at  least  200,000,000  horsepower  and  probably 
much  more. 

In  the  actual  management  of  storage  for  water  power  or  for  any 
other  water  utilization  the  stored  waters  are  released  according  as 
needed,  and  they  must  be  distributed  according  to  the  condition  of 
the  river  and  the  length  of  the  dry  season.  Therefore,  water  from 
storage  is  required  for  a  varying  number  of  months,  according  to 
the  climatological  conditions  governing  the  river  discharge.  Some 
assumption  in  this  matter  has  been  necessary,  and  it  is  believed  from 
the  experience  that  has  been  gained  in  the  study  of  rivers  throughout 
the  country  that  it  will  be  fair  and  conservative  to  assume  that,  if  any 
given  storage  be  considered  as  released  uniformly  during  six  months 
of  the  year,  and  the  natural  flow  from  the  unconserved  areas  be  con- 
sidered as  sufficient  to  maintain  at  least  an  equal  flow  during  the 
remaining  six  months,  the  results  will  not  depart  too  widely  from 
the  actual  conditions  as  regards  total  power  that  may  be  achieved  in 
practice,  unless,  indeed,  they  are  too  conservative.  It  is  well  known 
that  on  some  rivers  an  economical  use  of  stored  water  would  involve 
a  shorter  period  of  total  release  than  six  months  to  insure  the  most 
uniform  distribution  of  discharge.  This  would  provide  for  a  greater 
power  development  than  the  six  months  of  distribution.  Neverthe-^ 
less,  the  latter  has  been  considered  a  fair  average,  and  has  been  used 
in  the  accompanying  schedule. 

Summing  up  the  whole  country  according  to  the  divisions  thereof 
heretofore  discussed,  we  obtain  the  general  summary  given  below. 
Especial  mention  should  be  made  of  the  fact  that  the  results  here 
given  do  not  include  the  State  of  Pennsylvania,  the  figures  for  which 
had  not  been  furnished  up  to  the  date  of  this  report. 
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Principal  diBlnages. 


North  Atlantic  to  Ci^pe  H«m7»  Va 

Sootliem  Atiantic  to  Cape  Sable.  FU 

Etftm  Gulf  of  liexioo  to  Miasiarippi  River 

Wflstam  Gulf  of  liexioo  west  of  Vermilion  River 

MwisiippI  River  (trlbatariea  from  east) 

MisBitsip^  River  (tributaries  from  west,  including  Ver^ 

mflion  River} 

8t  Lawrence  River  to  Canadian  line 

Colmdo  River  above  Yuma,  Arix 

Southam  Pacific  to  Point  Bonita,  Cal 

Northera  Pacific 

Gnat  Basin * 

Hudson  Bay  .•» 


Drainage 
area  in 
square 
niiles. 


Flow  per 
annum  in' 

billion 
cubic  Ceet. 


150,879 
123,020 
142,220 
^ 433, 700 
333,600 

905,200 
e299,720 
225,000 

70,700 
290,400 
223,000 

62,150 


Total 3,269,490 


Horsepowef* 


HinTrnMiii 


8,942 
5,560 
6,867 
2,232 
12,360 

9,580 
8,583 
52f 
2,193 
15,220 


614 


1,712,060 

1,253,000 

550,000 

433,760 

2,619,590 

3,948,970 
6,682,480 
2, 918;  500 
3,215,400 
12,979,700 
518,000 
75,800 


72,672  i  36,916,250 


Assumed 
maximum 
develop- 
ment. 


03,186,600 

1,957,800 

963,000 

822,600 

05,344,600 

7,065,000 

8,090,000 

5,546,000 

7,806,300 

24,701,000 

801,000 

212,600 


66,518,500 


*  Not  includini;  area  in  Pennsylvania. 

*  Includes  Rio  Grande  in  Mexico. 
''  Includes  drainage  in  Canada. 

It  will  be  noted  from  the  foregoing  that  the  region  furnishing  by 
far  the  greatest  water-power  possibilities  is  the  northern  Pacific, 
which  comprises  essentially  the  basins  of  Columbia  and  Sacramento 
rivers,  the  power  possibilities  there  being  about  one-third  those  of  the 
whole  United  States. 

The  following  schedules  give  in  detail  figures  concerning  run-off 
and  potential  water  power  over  the  various  drainage  areas  included 
within  the  several  districts : 
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IRRIGATION. 


By  F.  H.  Newell, 
Director  United  States  Reclamation  Service. 


LEGAL  STATUS. 

The  National  Governnient  has  passed  three  important  laws  for  the 
?ncouragement  of  irrigation;  (a)  The  desert  land  law,  which  was 
3est  adapted  to  individual  enterprise  in  the  development  of  com- 
paratively small  tracts  of  land  by  irrigation  systems  of  moderate  size ; 
{by  the  Carey  Act,  which  was  designed  to  encourage  corporate  ir- 
rigation of  public  land  under  state  auspices;  (c)  the  Reclamation 
Act,  which  provides  for  construction  of  irrigation  works  by  the 
National  Government  itself.  Enumeration  was  made  by  the  United 
States  census  of  the  acreage  irrigated  in  1889,  1899,  and  1902.  With 
those  figures  as  a  guide,  and  by  the  use  of  the  general  information 
possessed  by  the  Reclamation  Service,  an  estimate  has  been  made  of 
the  acreage  irrigated  in  1907.  The  results  given  in  the  following 
table  include  very  large  areas  which  receive  only  one  or  two  irriga- 
tions by  flood  water,  and  others  where  the  supply  is  inadequate. 

Irrigation  in  the  United  States. 
NUMBER  OF  FARMS  IRRIGATED. 


Year. 

United  States. 

1907 

0  167,200 
133,356 
110,117 
64,136 

1902    

1809 

1880 

152,000 
122,156 
102, 819 
52,584 


Semlarid 
region. 


7,800 
7,021 
4,897 
1,552 


Rioe 
region. 


7,400 
4,179 
2,401 


»  Estimated. 
NUMBER  OF  ACRES  IRRIGATED. 


1907           

a  11,000,000 
9,681,289 
7,778,904 
3,631,381 

9,700,000 
8,471,641 
7,963,273 
3,564,416 

425,000 

405,449 

266,417 

66,965 

876,000 

1902 

600,199 

1899 

251,214 

1889                     

«  Estimated. 


Irrigation  by  individual  effort  has  been  undertaken  in  each  instance 
in  a  small  way,  but  in  the  aggregate  this  method  has  led  to  the  most 
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important  development  and  has  resulted  in  the  largest  total  acreage. 
It  is  also  being  developed  to  some  extent  by  corporate  enterprise,  but 
results  from  this  source  are  relatively  meager,  except  where  the 
corporations  are  of  a  community  character.  Cooperative  communi- 
ties have  done  much  in  the  past  and  their  future  works  will  probably 
be  important.  Development  by  States  under  the  provisions  of  the 
Carey  Act  promises  well  in  some  localities  where  there  is  efficient 
state  supervision,  as  in  Idaho,  Wyoming,  and  Oregon;  large  results 
have  already  been  accomplished  in  the  first-named  State.  National 
development  through  the  ag«icy  of  the  Reclamation  Act  is  beginning 
to  show  results  and  is  steadily  proceeding.  It  has  been  confined 
mainly  to  those  enterprises  which  are  too  large,  too  costly,  or  too 
slow  in  producing  returns  to  tempt  private  or  corporate  investments. 
The  Reclamation  Service  has  29  projects  in  various  stages  of  con- 
struction; these  contemplate  the  ultimate  irrigation  of  2,700,000 
acres,  against  a  total  acreage  of  367,023  for  which  water  was  fur- 
nished in  1908.  The  following  table  shows  the  distribution  of  the 
projects,  the  total  ultimate  irrigable  area  under  each,  and  the  irri- 
gated areas  for  1908  and  1909: 

Irrigation  projects. 


SUte. 


Piojeot. 


Irritable 


lirigtBd 
IMS. 


Arizona 

Calitoniia 

California- Arfsona 

Colorado 

Idaho 

Kimsaa 

Montana 

Nebraska- Wyoming  . . . 
Nevada 

New  Mexico 

North  Dakota 

North  Dakota-Montana 

Oklahoma 

Oregon 

Oregon-California 

South  Dakota 

Utah 

Washington 

Wyoming 


Salt  River 

Orland 

Yuma 

/Grand  VaUey.. 
\Unoompdtigre. . 
"  "ka. . . 


/Minidok 
\Payette-Boise. 
Garden  City 

{Huntley 
St.  Mary 
Sun  River 

North  Platte.... 

Truckee-Carson . 

Carlsbad 

Hondo 

Rfo  Grande 

/Butord-Trenton . 
\WUllston 

Yellowstone 

Cimarron 

Umatilla 

Klamath 

Belle  Fourche. . . 

Strawberry 

(Okanogan 
Sunnysdde 
TIeton 
Wapato 

Shoshone 


Aere§. 

273.000 
14,000 
82,000 
62,000 

147,000 
74,000 

315,000 
8,500 
28,000 


256.000 

164,000 

200,000 

20,000 

10,000 

180,000 

12,500 

12,000 

66,000 


20,000 
187,000 
100,000 
60,000 
10,000 
90,000 
30,000 
120,000 
150,000 


2,700,000 


Aera. 
115,000 


3,800 


15.600 

34,464 

55,000 

5.558 

4,400 


23,230 

27.450 
8,000 
1,500 

17,000 
1,200 
2,000 


2,600 
9,378 
5,000 


1,353 

42,000 


2,600 


367.083 


Under  the  Carey  Act  there  have  been  approved  1,716,424  acres  for 
construction,  and  patents  have  been  granted  covering  293,083  acres. 

The  following  table  shows  the  location  of  the  lands  being  irrigated 
under  this  act : 
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Segregations  applied  for  under  the  act  of  At/ gust  18, 1894  (28  Stat.  L.,  572-^2), 
mmd  the  acts  amendatory  thereof,  with  the  action  taken  thereon,  from  the 
passage  of  the  act  to  July  1,  1908, 

[Areas  In  acres.] 


State. 

Selected. 

Rejected, 

relinquished, 

etc. 

Approved,  not 
patented. 

Approved 

and 
patented. 

Colorado 

59,807.94 
1,180,566.17 
104,587.96 
12,644.61 
432,202.53 
328,327.40 
155,640.39 
965,598.64 

5,704.95 
265,828.94 
2,792.53 
8,000.00 
78,507.31 
236,980.83 
165,649.39 
196,994  18 

54,102.99 
662,25400 
83,496.54 

T^Mm 

156,95490 

Montana. 

18,296.91 

Nevada 

Oreeon 

245,287.52 
48,226.74 

50,063.13 

Utoh 

WMhln^tfrn. 

Wyofning 

623,054  44 

67,768.72 

T^tal 

3,239,384.66 

952,468.13 

1,716,42423 

208,083.66 

Oregon  segregation  list  No.  5,  covering  58,844.57  acres,  is  now 
pending  before  the  Secretary  on  appeal  from  the  decision  of  the 
Greneral  Land  Office  rejecting  it. 

Wyoming  segregation  list  No.  27,  covering  26,936.03  acres,  was 
rejected  by  the  General  Land  Office,  which  decision  was  affirmed 
by  the  department,  but  said  decision  has  not  yet  become  final. 

Irrigation  under  the  Indian  Service  is  rapidly  increasing. 

The  extent  to  which  the  irrigated  area  in  the  arid  and  semiarid 
regions  can  be  increased  can  not  be  accurately  estimated  with  present 
knowledge.  If  all  the  run-off  waters  of  the  arid  region  could  be 
ccmserved  and  employed  in  irrigation,  the  total  area  might,  perhaps, 
be  brought  to  nearly  60,000,000  acres.  This  is  very  uncertain,  how- 
ever, as  our  knowledge  of  run-off  is  confined  to  only  a  portion  of  the 
streams,  and  is  incomplete;  furthermore,  such  an  estimate  involves 
assumptions  regarding  the  duty  of  water  that  may  introduce  large 
errors. 

It  is  known,  however,  that  large  portions  of  the  water  of  the  arid 
region  can  not  be  used  in  irrigation,  as  no  irrigable  land  exists  upon 
which  it  can  be  brought  at  feasible  cost.  In  general,  it  may  be 
stated  that  the  value  of  irrigated  land  is  increasing,  and  certain 
developments  are  tending  to  decrease  costs  of  construction,  so  that 
it  is  impossible  to  draw  any  approximate  line  of  demarkation,  even 
if  we  had  full  knowledge  regarding  present  costs.  This  would  re- 
quire elaborate  surveys,  which  have  not  been  made.  For  these  rea- 
sons any  present  estimate  of  the  total  irrigable  area  would  neces- 
sarily be  little  better  than  a  guess.  With  present  data,  the  closest 
statement  is  probably  between  40,000,000  and  50,000,000  acres,  in- 
cluding that  now  under  ditch. 

The  subjects  of  irrigation,  forestry,  navigation,  power,  domestic 
water  supply,  and  drainage  are  all  closely  interrelated  and  should 
be  thoroughly  studied  together,  not  only  in  the  arid  but  in  the  humid 
regions.  No  one  of  these  questions  can  be  properly  treated  without 
full  regard  to  all  the  others.    Proper  study  of  these  comprehensive 
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questions  should  include  more  extended  observations  of  rainfall  and 
evaporation,  especially  in  high  altitudes,  and  of  the  annual  flow  of 
all  streams.  CJoniprehensive  topographic  maps  should  be  made  show- 
ing the  areas  of  drainage  basins,  the  location  of  reservoir  sites,  and 
their  relation  in  altitude  and  location  to  irrigable  lands  and  to  power 
and  navigation  resources.  Such  maps  are  the  basic  information  most 
urgently  needed  for  all  land  classification,  and  without  them  no  wise 
policy  can  be  adopted. 

WATEB  LAWS. 

Both  state  and  national  laws  are  incomplete  in  permitting  and 
encouraging  the  settlement  and  improvement  of  lands  which  should 
be  reserved  for  reservoir  sites.  Thorough  surveys  should  be  made  and 
all  feasible  reservoir  sites  discovered  and  reserved  for  development 

The  present  laws  in  some  States  tend  to  promote  irrigation,  but  in 
others  they  do  not.  The  most  primitive  form  of  regulation  of  the 
use  of  water  in  irrigation  is  best  exemplified  by  the  present  laws  of 
the  State  of  California.  These  declare  the  principles  of  priority 
and  beneficial  use,  and  provide  that  claims  to  the  use  of  water  shall 
be  recorded  in  the  form  of  a  notice  of  appropriation,  and  shall  be  per- 
fected by  application  to  a  beneficial  use.  At  the  same  time  they  try 
to  recognize  as  concurrent  on  the  same  stream  rights  derived  by  prior 
appropriation  and  rights  depending  on  riparian  ownership.  The 
riparian  doctrine  of  water  rights  should  be  definitely  and  f)erma- 
nently  abrogated  in  all  arid  regions.  This  has  been  done  in  some 
States  by  constitutional  provision  and  in  some  by  judicial  decision. 
In  all  the  States  of  the  arid  region  where  the  riparian  doctrine  is 
recognized,  material  modifications  in  the  old  conmion-law  doctrine 
have  been  made  and  put  into  effect. 

The  form  and  theory  of  these  laws  have  been  developed  by  several 
of  the  States,  elaborating  upon  the  principles  of  the  California  laws 
and  the  methods  established  in  that  State. 

The  operation  of  the  earlier  forms  of  these  laws  places  no  restraint 
upon  appropriations  of  water.  The  courts  in  passing  upon  the  claims 
of  the  appropriators,  having  scant  information  concerning  the 
amount  of  water  available  for  use,  with  no  guide  to  the  quantities 
which  should  be  applied  in  the  cultivation  of  crops,  and  confronted 
with  the  excessive  claims  of  the  parties,  have  often  adjudicated  rights 
to  the  use  of  water  many  times  in  excess  of  the  amount  carried  by 
the  stream. 

The  knowledge  obtained  during  recent  years  concerning  the  dis- 
charge of  streams  and  the  use  of  water  has  caused  such  decrees  to 
become  exceptional  in  present  practice.  Nevertheless,  the  need  for 
a  more  careful  regulation  of  the  appropriation  and  use  of  water  has 
been  apparent  for  many  years. 
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In  1890  the  State  of  Wyoming  enacted  a  code  of  water  laws  pro- 
viding for  supervision  of  the  utilization  of  the  water  supply  through 
a  state  engineer  and  state  board  of  control  who  adjudicate  rights  to 
the  use  of  water  in  the  first  instance.  The  division  superintendents 
and  water  masters  have  inmiediate  charge  of  the  distribution  of  the 
water  in  the  various  water  divisions. 

Nebraska  subsequently  adopted  a  code  of  water  laws  similar  to 
the  laws  of  Wyoming. 

Idaho,  Utah,  and  Nevada  in  1903  adopted  codes  of  water  laws  based 
upon  those  of  Wyoming  with,  however,  a  number  of  important  modi- 
fications dictated  by  experience  and  the  development  of  irrigation 
practice. 

At  the  sessions  of  the  legislatures  of  Oregon  and  Washington  in 

1903,  the  governors  were  directed  to  appoint  conmiissions  to  prepare 
and  submit  drafts  of  a  code  of  irrigation  law. 

At  a  joint  session  of  the  two  commissions  with  the  then  chief  en- 
gineer and  other  members  of  the  Reclamation  Service  held  in  August, 

1904,  the  fundamental  principles  of  a  modem  irrigation  code  were 
discussed.  There  was  also  some  consideration  of  the  provisions 
which  should  be  incorporated  in  such  a  code  to  facilitate  the  opera- 
tions of  the  Federal  Government  in  carrying  on  the  work  of  con- 
structing the  irrigation  systems  contemplated  by  the  act  of  Congress 
approved  June  17,  1902  (32  Stat.,  388),  known  as  the  Reclamation 
Act. 

After  this  meeting,  a  state  .code  of  water  laws  was  drafted  by  Mr. 
Morris  Bien,  supervising  engineer  of  the  United  States  Reclamation 
Service,  which,  in  1905,  was  adopted  without  material  change  by  the 
legislatures  of  North  Dakota,  South  Dakota,  and  Oklahoma.  The 
legislatures  of  Oregon,  Washington,  and  New  Mexico  adopted  parts 
of  this  code,  but  omitted  some  of  the  most  important  features.  This 
code  does  not  involve  any  new  principles,  but  constitutes  a  revision 
and  combination  of  the  features  of  the  more  modern  statutes,  ar- 
ranged as  a  consistent  and  complete  code. 

PBOPOSED  WATEB  CODE. 

A  state  code  of  water  laws  should  provide  for  the  appropriation, 
adjudication,  and  apportionment  of  the  waters  of  the  State,  and 
divides  itself  naturally  into  four  branches. 

First.  A  declaration  of  the  fundamental  principles  upon  which  the 
right  to  use  water  shall  be  based. 

Second.  The  adjudication  of  rights  to  the  use  of  water  claimed 
under  the  previous  laws,  thus  determining  the  unappropriated  public 
waters. 

Third.  The  regulation,  control,  and  determination  of  the  rights  to 
water  to  be  subsequently  acquired. 
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Fourth.  The  regulation  and  control  of  the  distribution  of  water, 
rights  to  the  use  of  which  have  been  established. 

The  code  imder  discussion  is  arranged  to  provide  appropriate  pro- 
cedure for  the  application  of  these  principles. 

Under  the  first  heading  the  fundamental  principles  are  few  and 
well  established,  namely,  that  all  the  waters  within  the  limits  of  the 
State  belong  to  the  public  and  are  subject  to  appropriation  for  bene- 
ficial use,  except  from  sources  of  supply  which  are  navigable;  that 
the  prior  appropriation  of  water  shall  be  the  basis,  and  beneficial  use 
the  measure  and  the  limit  of  the  right;  that  the  use  of  water  is  a 
public  use,  and  private  parties  may  exercise  the  right  of  eminent  do- 
main for  the  utilization  thereof;  and  that  water  used  for  irrigation 
shall  be  appurtenant  to  the  land  on  which  it  is  used. 

Under  the  second  heading,  providing  for  the  adjudication  of  rights 
claimed  under  prior  laws,  it  is  now  generally  conceded  that  the  final 
adjudication  must  be  by  the  courts.  The  codes  of  the  different  States 
contemplate  various  forms  of  procedure.  In  the  code  referred  to,  a 
state  engineer,  appointed  for  six  years  by  the  governor  subject  to 
confirmation  by  the  Senate,  is  to  make  a  cwnplete  hydrographic  sur- 
vey of  a  stream  system,  obtaining  all  the  data  necessary  to  determine 
the  amount  of  water  available  and  the  rights  of  the  parties  entitled 
to  the  use  of  it.  This  material  is  tucned  over  to  the  attorney-general 
of  the  State,  who  is  required  to  enter  suit  promptly  for  the  determi- 
nation of  the  rights  of  all  parties  and  to  prosecute  the  same  diligently 
to  a  conclusion.  In  all  suits  for  the  determination  of  the  right  to  the 
use  of  the  waters  of  any  stream  system,  all  who  claim  the  right  to  use 
such  waters  shall  be  made  parties.  In  all  suits  involving  the  determi- 
nation of  water  rights,  the  attorney-general  is  required  to  intervene 
on  behalf  of  the.  State,  if  in  the  opinion  of  the  state  engineer  the 
public  interest  requires  it. 

The  third  subject,  namely,  that  of  the  regulaticm,  control,  and  de- 
termination of  rights  to  the  use  of  water  to  be  acquired,  is  placed  in 
the  hands  of  the  state  engineer.  The  procedure  proposed  is  substan- 
tially the  same  as  that  adopted  in  the  other  States  having  a  modem 
irrigation  code  with  some  differences  of  detail. 

The  principal  feature  to  be  noticed  is  that  before  any  work  looking 
to  the  construction  of  an  irrigable  system  is  conmienced,  and  after 
the  state  engineer  has  passed  upon  the  form  and  substance  of  the  ap- 
plication, the  intention  to  appropriate  the  water  shall  be  published 
in  a  newspaper  circulated  in  the  community.  After  such  publication 
the  state  engineer  will  approve  the  application  if  no  valid  objecticm 
is  presented. 

When  the  construction  is  completed,  the  works  are  to  be  inspected 
and  approved  by  the  state  engineer,  who  will  then  determine  their 
capacity,  which  will  limit  the  amount  of  the  appropriation.  After- 
wnrds  when  the  water  is  applied  to  a  beneficial  use,  the  state  engineer 

Digitized  by  VjOOQIC 


IBBIGATION.  65 

makes  a  further  inspection,  whereupon  he  issues  a  license  for  the  ap- 
propriation of  the  amount  of  water  which  has  been  applied  to  a 
beneficial  use.  A  time  limit  is  fixed  for  completion  of  construction 
and  for  beneficial  use. 

For  the  distribution  of  the  water,  which  comes  imder  the  fourth 
branch,  the  States  are  divided  by  the  law  into  water  divisions  by 
drainage  areas,  each  under  the  supervision  of  a  water  commissioner 
appointed  by  the  supreme  court  of  the  State.  Their  function  being 
the  distribution  of  water  under  judicial  decree  or  appropriation, 
they  may  be  regarded  as,  in  a  sense,  oflScers  of  the  court.  The  water 
commissioners  with  the  state  engineer  constitute  a  board  of  water 
commissioners,  of  which  the  latter  is  president.  The  water  commis- 
sioners each  serve  six  years,  their  terms  being  so  arranged  that  a 
new  one  is  appointed  every  two  years.  This  board  has  general  super- 
vision over  the  waters  of  the  State. 

The  actual  work  of  distributing  the  waters  to  those  entitled  to  use 
them  is  performed  by  water  masters  appointed  by  the  water  com- 
missioners with  the  approval  of  the  state  engineer.  Each  water  mas- 
ter has  charge  of  a  water  district  set  apart  by  the  state  engineer,  as 
found  necessary  from  time  to  time.  The  operations  of  the  water 
master  are  under  the  supervision  of  the  water  commissioner,  and 
their  acts  are  subject  to  appeal  to  the  state  engineer. 

The  cost  of  the  water  distribution  is  borne  by  the  water  users. 
The  general  expenses  of  the  state  engineer  and  the  water  commis- 
sioners are  paid  by  the  State.  The  greater  part,  if  not  all,  of  this 
expense  will  be  returned  to  the  state  treasury  by  the  fees  collected 
by  the  state  engineer  and  by  the  repayment  of  the  cost  of  hydro- 
graphic  surveys  by  the  parties  to  the  suits  for  adjudication. 

Special  reference  should  also  be  made  to  the  features  of  the  draft 
relating  to  the  work  under  the  federal  Reclamation  Act. 

In  order  that  the  State  may  obtain  the  full  benefit  of  this  work 
and  to  prevent  serious  interference  with,  and  perhaps  the  entire  aban- 
donment of,  the  projects  which  are  considered  for  investigation, 
it  is  provided  that  the  water  supply  for  such  projects  shall  be  re- 
served from  general  appropriation  until  the  investigations  of  the 
Reclamation  Service  shall  determine  the  precise  amount  required  for 
the  project,  the  remainder  being  then  released  from  such  reservation. 

It  is  also  provided  that  state  lands  coming  under  such  project 
shall  be  disposed  of  in  harmony  with  the  plans  for  the  disposition  of 
the  lands  of  the  United  States,  and  that  lands  required  for  the  recla- 
mation project  for  irrigation  works  shall  be  transferred  to  the  United 
States  without  charge. 

In  all  sales  of  state  lands  after  the  enactment  of  the  code,  the  con- 
veyance is  to  reserve  right  of  way  for  dit<jhQ^  Qn  canals  constructed 
by  authority  of  the  United  States. 

86407— IBR  234—09 5 
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The  theory  of  these  provisions  is  that  the  State  r^ulates  the  appro- 
priation of  the  water,  exercising  this  power  and  holding  the  land  in 
trust  for  the  public,  and  when  the  interests  of  the  public  are  so 
directly  involved  as  in  these  large  irrigation  projects,  and  when, 
further,  there  is  no  element  of  individual  speculation  or  profit  in  the 
construction  of  the  works,  which  are  for  the  purpose  of  establi^ing 
the  maximum  number  of  homes  on  the  land,  it  is  the  duty  of  every 
State  to  which  the  Reclamation  Act  is  applicable  to  assist  with  every 
resource  imder  its  control. 

It  will  be  of  interest  to  review  several  of  the  other  provisions  of 
the  draft. 

Units  of  measurement  are  established ;  the  cubic  foot  per  second  for 
the  flow  of  water  and  the  acre-foot  for  volume.  The  miner's  inch 
is  fixed  as  one-fiftieth  of  a  cubic  foot  per  second,  unless  a  diflferent 
ratio  has  been  agreed  upon  by  contract  or  established  by  actual  meas- 
urement or  use.  The  miner's  inch  has  been  used  in  some  States  a«  a 
unit,  but  it  is  unsatisfactory,  because  it  is  not  easily  defined  with 
exactness. 

The  amount  of  water  which  may  be  appropriated  for  irrigation 
is  limited  to  1  cubic  foot  per  second  for  70  acres  or  its  equivalent 

While  it  is  conceded  that  water  used  for  irrigation  must  be  ap- 
purtenant to  the  land,  the  fact  should  be  recognized  that  conditions 
may  arise  to  make  it  impracticable  or  uneconomical  to  continue  to 
irrigate  a  particular  tract.  Provision  is  made  so  that  the  use  of  water 
may  be  sevet^  from  the  land  after  application  to  the  'State  engineer, 
due  publiciition  of  notice  of  such  intention,  and  approval  by  the  state 
engineer.  Similar  provision  is  made  for  a  change  in  the  nature  of 
the  use  to  which  the  water  is  applied,  or  in  the  place  of  diversion, 
storage,  or  use. 

The  subject  of  seepage  water  is  one  that  has  given  much  trouble, 
and  provision  is  made  for  the  appropriation  thereof  in  the  same  man- 
ner as  other  waters,  with  the  requirement  that  the  appropriator  must 
pay  reasonable  charges  for  storage  or  carriage  to  the  owners  of  the 
irrigation  works  from  which  it  comes,  provided  that  the  seepage  can 
be  traced  to  such  works  lieyond  reasonable  doubt. 

All  decisions  of  the  state  engineer  or  water  commissioners  affecting 
a  substantial  right  are  subject  to  appeal  to  the  courts. 

BECENT  STATE  LAWS. 

In  the  session  of  1907  the  Montana  legislature  considered  a  draft 
of  a  code  prepared  by  a  commission  appointeil  by  the  governor  which 
followed  substantially  the  code  referred  to,  but  it  was  not  adopted. 
The  same  is  true  with  the  legislature  of  Oregon. 

During  the  year  1908  there  has  been  a  geneml  movement  toward 
the  preparation  of  a  code  substantially  in  the  form  considered  in 
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the  State  of  Oregon,  and  it  is  probable  that  it  will  be  strongly  urged 
upon  the  legislature  early  next  year. 

In  many  of  the  States  statutes  have  been  adopted  tending  toward 
the  system  discussed,  and  as  this  procedure  is  gradually  enforced 
and  modified  as  may  be  found  advisable  after  experience,  those  States 
in  which  such  laws  have  been  enacted  will  do  much  toward  the 
proper  promotion  of  the  irrigation  industry. 

It  is  generally  conceded  that  those  States  in  which  statutes  of 
this  kind  are  not  in  force  can  best  assist  in  the  development  of  irri- 
gation by  following  the  principles  and  procedure  there  indicated. 

One  important  feature  of  the  law  of  irrigation  has  thus  far  re- 
ceived no  attention  in  legislation,  namely,  the  regulation  of  inter- 
state waters.  The  decision  of  the  United  States  Supreme  Court  in 
the  Kansas-Colorado  case  (206  U.  S.,  46)  and  the  decisions  of  some 
of  the  district  courts  of  the  United  States  in  other  cases,  together 
with  some  decisions  by  state  courts,  have  shown  a  tendency  to  con- 
sider this  question,  but  in  no  case  has  there  been  an  announcement 
of  a  principle  which  tends  to  meet  the  complicated  conditions. 

All  the  cases  concerning  interstate  waters  have  involved  only  spe- 
cific rights  of  the  litigants ;  nothing  has  yet  been  acccwnplished  outlin- 
ing the  method  of  providing  for  an  adjudication  of  the  waters  of  an 
interstate  stream  in  such  manner  as  to  determine  all  the  rights 
involved. 

The  principal  difficulties  arise  from  the  fact  that  suit  may  be 
brou^t  by  one  party  against  another  and  a  decision  obtained,  which 
would  not,  however,  bind  anyone  who  is  not  party  to  the  suit,  and  the 
complications  in  judicial  procedure  are  such  as  to  make  it  difficult,  if 
not  impracticable,  under  present  conditions  and  rulings  to  bring  into 
c(Hisideration  in  any  one  case  all  rights  on  interstate  streams  in  two 
or  more  States  and  so  arrange  that  one  adjudication  shall  determine 
the  rights  of  each  party  as  against  all  other  users  of  water  from  that 
stream. 

Whether  this  matter  can  be  adjusted  by  the  courts  themselves  with- 
out the  assistance  of  legislation  or  whether  legislation  is  absolutely 
necessary  has  not  yet  been  demonstrated. 

It  has  been  proposed  by  some  that  Congress  should  provide  for  a 
tribunal  empowered  to  investigate  claims  to  the  use  of  water  of  inter- 
state streams  and  to  prepare  reports  upon  all  facts  affecting  priorities 
and  the  use  of  water,  the  same  to  be  submitted  to  the  federal  courts 
for  adjudication,  following  in  general  the  procedure  outlined  in  the 
proposed  code  in  regard  to  the  adjustment  of  water  rights  within  the 
State. 
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By  W.  C.  Mendenuall. 


INTRODUCTION. 

Underground  waters  constitute  one  of  the  three  natural  subdi- 
visions of  precipitation.  These  subdi\dsions  are  evaporation,  surface 
run-off,  and  percolation.  That  part  of  the  precipitation  which  passes 
below  the  soil  surface  by  seepage  into  the  soil  pores  becomes  thereby 
a  part  of  the  body  of  underground  waters.  Eventually  it  is  returned 
to  the  air  to  begin  again  its  circuit  through  the  air  and  back  to  earth. 
This  return  to  the  air  may  be  accomplished  very  quickly  or  very 
slowly.  Capillarity  and  evaporation  may  withdraw  the  earth  mois- 
ture and  return  it  to  the  atmosphere  before  it  has  reached  any 
considerable  depth  in  the  soil  mantle,  or  it  may  pass  beyond  the 
reach  of  these  forces  and  begin  a  journey  through  the  soil  pores  or 
the  rock  masses  that  may  continue  for  a  few  hundred  feet  or  a  few 
hundred  miles.  The  waters  may  even  accumulate  in  a  porous  rock 
mass  and  may  remain  there  stored  and  practically  motionless  for 
centuries  or  for  geologic  epochs.  All  of  that  portion  of  the  precipi- 
tation that  is  absorlx»d  and  remains  underground  for  either  a  long 
or  a  short  period,  following  a  long  or  a  short  course,  constitutes  the 
ground  water.  There  is,  in  addition,  a  certain  amount  of  original 
water,  either  magmatic  or  included  with  the  sediments  at  the  time  of 
their  deposition.  The  aggregate  quantity  of  this  is  undoubtedly  very 
great,  but  as  it  is  in  general  inaccessible  to  man,  little  attention 
need  be  given  it  in  a  discussion  of  water  as  a  resource. 

An  estimate  of  the  quantity  of  surface  waters  is  a  large  but  a  rela- 
tively simple  problem.  It  can  be  solved  by  the  patient  application 
through  long  periods  of  well-determined  engineering  methods.  The 
resulting  estimates,  since  they  are  those  of  the  engineer  and  the 
mathematician,  are  correct  within  a  limited  percentage  of  error,  be- 
cause all  the  factors  of  the  problem  are  capable  of  close  determina- 
tion. But  although  the  quantity  of  surface  waters  is  measurable,  its 
maximum  possible  use  is  not  rigidly  determinable,  because  that 
problem  contains  a  number  of  variable  factors.  Man's  mastery  over 
the  mechanic  arts  is  constantly  increasing.  That  which  is  impossible 
to  him  to-day  becomes  possible  to-morrow.    Furthermore,  economic 
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controls  are  constantly  shifting.  A  water  power  that  is  not  avail- 
able this  year,  not  because  of  unsolved  mechanical  problems,  but  be- 
cause of  cost,  may  be  easily  available  next  year,  because  a  railroad  has 
been  built,  or  a  mine  has  been  opened,  or  population  has  shifted. 
These  are  things  that  neither  the  mathematician  nor  the  economist 
can  predict.  They  introduce  into  the  problem  of  determining  the 
possible  future  use  of  any  resource  a  factor  so  variable  that  the  re- 
sult is  of  doubtful  value.  Suggestions  only  can  be  made;  rigid  de- 
terminations are  not  possible. 

As  to  groimd  waters,  neither  the  determination  of  the  total  quan- 
tity nor  of  the  maximum  use  is  capable  of  close  solution.  The  first 
involves  general  estimates  of  factors  not  directly  measurable,  such 
as  the  percentage  of  pore  space  in  deeply  buried  and  inaccessible 
material,  soils,  and  rocks.  These  estimates  must  be  made  by  the  de- 
ductions of  an  inexact  science,  geology,  instead  of  through  the  meas- 
urements of  an  exact  science,  engineering.  The  same  variables  enter 
into  the  determination  of  the  maximum  possible  use  of  ground  waters 
as  into  the  maximum  possible  use  of  surface  waters,  namely,  differ- 
ent and  constantly  shifting  economic  controls.  It  may  be  highly 
profitable  to  pump  ground  waters  500  feet  vertically  for  the  irriga- 
tion of  citrus  lands  in  southern  California  whose  product  is  worth 
$250  per  acre  per  year,  whereas  it  may  not  be  possible  to  pump 
50  feet  vertically  in  another  locality,  where  the  products  are  not 
worth  $10  per  acre  per  year.  Notwithstanding,  some  such  crude  esti- 
mate as  may  be  made  of  the  quantity  of  these  resources  is  helpful, 
since  it  gives  us  a  concrete  conception  of  the  amounts  with  which  we 
are  dealing. 

QUANTITY. 

Estimates  that  vary  widely  have  been  made  as  to  the  total  amount 
of  this  ground  water.  These  estimates  range  from  an  amount  suffi- 
cient to  cover  the  earth  to  a  depth  of  96  feet  (Fuller)  to  an  amount 
sufficient  to  cover  it  to  a  depth  of  7,500  feet  (Delesse).  The  lower 
estimate  is  the  later  and  may  be  regarded  as  of  the  greater  value. 
The  determination  of  the  total  quantity  of  underground  water  in 
existence,  however,  while  a  question  of  scientific  interest,  is  of  no 
practical  moment,  since  only  a  very  small  proportion  of  the  total  is 
accessible  to  man  and  can  therefore  be  made  use  of  by  him.  And 
again,  of  the  relatively  small  amount  that  is  within  reach,  only  that 
proportion  that,  if  withdrawn,  will  be  restored  annually  can  be 
utilized,  because,  obviously,  withdrawals  in  excess  of  this  mean  re- 
duction of  the  principal  and  eventual  bankruptcy. 

Hence,  although  impressive  estimates  of  the  total  may  be  made — as, 
for  instance,  the  statement  that  there  are  600  cubic  miles  of  potable 
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ground  waters  beneath  the  State  of  Florida,  800  cubic  miles  in  tlw* 
Great  Central  Valley  of  California,  1,000  cubic  miles  in  the  Dakoti 
sandstone  aquifer,  and  10,000  cubic  miles  in  the  sediments  of  the 
Atlantic  and  Gulf  coastal  plains — these  statements  are  not  merely 
valueless,  they  are  sadly  misleading,  because,  if  issued  without 
explanation,  the  inference  would  follow  that  such  a  tremendous 
amount  of  water  could  be  extracted  from  these  districts  and  used  by 
man.  This  inference  is  wholly  unjustified  for  a  number  of  reasons. 
In  the  first  place,  only  a  limited  although  variaUe  percentage  of  the 
water  that  saturates  those  parts  of  the  rock  or  soil  masses  that  are 
within  reach  of  pumps  can  be  extracted  in  development :  the  remain- 
der, much  the  larger  proportion,  being  capillary  and  subcapillary,  is 
not  capable  of  extraction  in  any  commercial  way. 

Again,  these  estimates  of  total  ground  waters  include  those  at  great 
depth,  utterly  beyond  the  reach  of  any  pumps  or  known  devices  for 
their  recovery.  And,  finally,  of  the  very  small  proportion  of  the  total 
that  can  be  brought  to  the  surface  and  made  useful  to  man,  only  an 
amount  should  be  taken  out  that  is  equal  to  the  annual  restorations; 
otherwise  there  will  be  a  gradual  depletion  of  the  supply  and  a  cor- 
responding increase  in  the  cost  of  the  product.  Hence,  as  a  practical 
people,  we  are  not  in  the  least  concerned  with  the  total  quantity  of 
ground  waters,  but  only  with  the  possible  annual  accessions  to  the 
total,  for  this  controls  use. 

USB. 

The  use  of  ground  waters  in  a  limited  way  for  domestic  and  farm 
supplies  is  well-nigh  universal.  Municipal  use,  although  not  so  gen- 
eral, is  also  extensive;  whereas  use  foj  irrigation,  confined,  of  course, 
to  the  arid  and  semiarid  States,  has  begun  to  attract  attention  only 
since  power  development,  either  by  the  utilization  of  the  energy  of 
running  water  or  by  means  of  small  power  plants  of  the  steam  or 
internal  combustion  type,  has  become  general.  With  the  imperfect 
data  at  hand  it  is  not  possible  to  estimate  the  total  vohime  of  ground 
waters  now  used  throughout  the  United  States,  but  it  is  believed  that 
in  Florida  at  least  2,000  second-feet  are  developed  and  in  Califor- 
nia more  than  one-half  as  much.  The  development  in  these  two 
States,  therefore,  representing  as  they  do  more  than  the  average 
development  in  the  East  and  the  West,  is  about  3,000  second-feet 
Florida  and  California  include  about  7  per  cent  of  the  area  of  the 
United  States.  If  the  development  throughout  our  domain  can  be 
regarded  as  on  the  average  one-half  as  intense  as  in  these  two  States, 
the  total  ground  waters  used  if  united  in  one  stream  would  equal 
twice  the  volume  of  the  Potomac  at  Point  of  Rocks,  Md.,  in  1900. 
with  a  drainage  area  of  9,650  square  miles,  or  if  a  smaller  factor 
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is  U53ed  and  the  average  intensity  of  development  be  regarded  as  one- 
third  that  of  the  two  States  named,  we  reach  the  conclusion  that  the 
ground  waters  now  in  use  would  make  a  river  the  size  of  the  Colorado 
at  Yuma,  Ariz.,  with  a  drainage  area  of  225,000  square  miles.  Ex- 
pressed in  still  another  way,  this  volume  is  equal  to  somewhat  less 
than  1  per  cent  of  the  total  stream  flow  in  the  United  States.  It  is  to 
be  clearly  understood  that  this  represents  only  artificial  development, 
a  direct  product  of  man's  activity,  and  does  not  include  the  natural 
springs  which  represent  the  unassisted  return  of  ground  waters  to  the 
surface.  To  these  is  due  a  very  large  although  undetermined  propor- 
tion of  the  low-water  flow  of  all  our  streams. 

PBESEKT  TENDENCIES. 

One  of  the  late  phases  of  the  irrigation  movement  involves  the  use 
of  ground  waters  for  this  purpose.  This  movement  has  been  inspired 
by  the  success  of  certain  communities  that  have  developed  such  waters 
and  reclaimed  a  large  acreage  by  their  use.  The  southern  California 
communities,  one-half  of  whose  irrigation  is  accomplished  in  this 
way,  illustrate  what  can  be  done.  In  the  San  Joaquin  Valley  develop- 
ment of  this  type  is  under  way  and  will  inevitably  be  greatly  ex- 
tended. Three  hundred  second-feet  of  ground  waters  are  now  used 
there;  probably  3,000  second-feet  are  available,  and  colonies  are  being 
continually  established  and  individual  settlers  are  constantly  entering 
the  valley  who  are  reclaiming  more  and  more  acreage  by  the  use  of 
this  resource.  In  other  western  valleys,  as  in  Utah  and  in  Arizona, 
development  of  the  same  tyf>e  is  under  way.  Among  the  famous 
ground-water  districts  is  that  of  the  Great  Plains,  east  of  the  Rocky 
Mountains,  underlain  by  the  Dakota  sandstone,  that  yields  some  of 
the  largest  flowing  wells  of  the  United  States.  Another  important 
district  includes  pmrts  of  Minnesota,  Iowa,  and  Wisconsin,  beneath 
whose  surface  lie  water-bearing  beds  older  than  the  Dakota  sand- 
stone, but  the  beds  are  locally  quite  as  important.  In  these  latter 
States  irrigation  is  not  practiced,  but  the  ground  waters  are  of  great 
importance  as  sources  of  domestic  and  municipal  supplies.  In  the 
Eastern  and  Southern  States,  those  of  the  Atlantic  and  Gulf  coastal 
plains  are  most  favorably  situated  in  regard  to  their  groun4-water 
supplies  and  in  them  development  is  more  intense  than  elsewhere 
in  the  East.  Attention  has  already  been  called  to  Florida,  in  which 
nearly  2,000  second-feet  of  ground  waters  are  developed,  nearly 
one-half  of  this  amount  being  used  for  irrigation  and  domestic  pur- 
poses. Mississippi,  Louisiana,  and  Texas  have  abundant  under- 
ground supplies  extensively  drawn  upon  in  certain  localities,  but 
capable  of  much  more  extensive  use.  Data  are  not  at  hand  for 
estimating  the  amount  withdrawn  at  present. 
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WASTE. 

Attention  is  usually  first  centered  upon  the  use  of  ground  waters 
by  the  development  of  flowing  wells  in  areas  where  they  may  be 
secured.  The  advantages  of  a  supply  of  this  type  are  many.  The 
waters  usually  cost  little,  they  are  protected  from  contamination, 
the  output  is  regular,  at  least  until  development  becomes  too  intense 
for  the  supply,  and  the  quality  is  constant.  But  in  regions  in  which 
flowing  waters  are  used  for  irrigation  and  may  be  procured  at  shallow 
depths  the  resource  is  often  shamelessly  wasted.  More  wells  are 
drilled  than  are  needed  and  the  water  is  used  during  but  a  small  por- 
tion of  the  year,  but  is  nevertheless  allowed  to  flow  with  consequent 
reduction  of  head  and  depletion  of  supply  and  often  in  addition 
direct  damage  to  the  lands  upon  which  it  wastes.  This  waste  is  not 
so  serious  in  humid  regions  in  which  the  loss  is  quickly  replaced  by 
rainfall,  but  it  goes  on  with  equal  recklessness  in  arid  and  semiarid 
sections  in  which  the  damage  is  irreparable.  This  waste  is  oft^ 
in  direct  violation  of  state  statutes,  framed  especially  to  prevent  it 
Where  ground  waters  do  not  flow  out  upon  the  surface  but  are  de- 
veloped by  pumping,  waste  does  not  take  place,  since  the  cost  of 
production  regulates  automatically  the  amount  of  water  withdrawn. 
Irrigation  practice  under  these  conditions  is  always  superior,  as 
the  water  user,  paying  for  each  gallon  that  he  applies  to  liis  land, 
reduces  this  amount  to  the  lowest  effective  quantity  in  order  to  save 
cost.  Hence  almost  invariably  better  results  are  obtained  with  a 
lower  duty  in  districts  where  irrigation  water  must  be  pumped  than 
in  those  in  which  it  flows. 

In  the  humid  regions  ground  waters — almost  everywhere  avail- 
able— are  particularly  useful  as  sources  of  farm,  domestic,  and 
municipal  supplies  and  for  certain  industrial  purposes.  They  are 
especially  beneficial  and  of  particularly  good  quality  in  the  coastal 
plain  of  the  Atlantic  and  Gulf  States  and  in  the  glaciated  regions 
where  the  mantle  of  drift  or  of  unconsolidated  sediments  forms  a 
reservoir  of  great  capacity,  whose  supply  is  rapidly  renewed  when 
drawn  upon  because  of  the  abundant  rainfall.  Outside  the  coastal 
plain  and  the  drift-covered  areas  conditions  are  variable,  but  gener- 
ally they  are  inferior  to  those  in  the  regions  named,  because  the  soil 
mantle  over  the  rocks  is  often  thin  and  irregularly  distributed  and 
in  addition  is  frequently  clayey  and  of  small  holding  capacity. 
Within  either  of  these  regions  there  may  occur  synclinal  basins  of 
porous  rock  like  the  St.  Peter  sandstone  and  associated  beds  in 
Minnesota  or  the  Dakota  sandstone  in  the  Great  Plains,  both  of 
which  form  most  important  reservoirs.  Usually,  also,  the  fractiu^ 
upper  surface  of  whatever  rock  lies  immediately  below  the  soil  carries 
a  supply  that  may  be  drawn  upon  by  town  and  farm  wells. 
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mPOBTANCE. 

The  importance  of  these  supplies  in  humid  regions  to  the  dwellers 
there  is  illustrated  by  Mr.  Frank  Leverett's  careful  determination  of 
the  fact  that  75  per  cent  of  the  population  in  Michigan  are  directly 
dependent  for  water  upon  the  underground  supply,  and  since  the 
constancy  of  the  lakes  and  the  flow  of  the  streams  upon  which  the 
remaining  25  per  cent  depend  is  also  related  to  the  ground  waters, 
the  importance  of  these  is  really  greater  than  the  given  percentage 
indicates.  A  recent  investigation  of  19  counties  in  north-central 
Indiana  again  indicates  the  vital  relation  that  ground  water  bears  to 
daily  life.  Of  54  communities  in  these  19  counties  having  public 
supplies,  45  use  wells  alone  and  3  others  use  both  streams  and  wells. 
The  urban  population  is  therefore  largely  dependent  upon  the  sub- 
surface supplies  and  the  rural  population  depends  almost  entirely 
upon  them.  It?  is  estimated  that  in  Florida  750,000,000  gallons  of 
ground  waters  are  used  daily  for  town  and  count rj'  domestic  supplies, 
while  an  additional  11,500,000  gallons  are  used  by  the  cities  and 
500,000,000  gallons  for  the  irrigation  of  tobacco,  citrus  fruits,  and 
vegetables.  One-half  of  the  irrigation  and  the  greater  part  of  the 
city  supplies  in  southern  California,  amounting  to  more  than 
300,000,000  gallons  daily,  are  drawn  from  the  sands  and  gravels  that 
underlie  the  valleys,  while  in  central  California  a  smaller  but  never- 
theless important  draft  is  made  upon  the  same  source. 

These  available  facts,  selected  from  widely  scattered  localities,  indi- 
cate clearly  that  in  addition  to  the  almost  universal  dependence  of  the 
rural  population  upon  underground  waters  for  culinary  and  domestic 
purposes,  an  important  and  growing  use  is  made  of  them  for  irriga- 
tion and  for  town  supplies.  It  is  probable  that  it  would  be  safe  to 
apply  percentages  but  slightly  less  than  that  determined  in  the  State 
of  Michigan  to  the  entire  United  States,  and  to  state  that  nearly  75 
per  cent  of  our  population  depends  directly  upon  underground 
waters. 

SELATION  TO  STREAM  FLOW. 

The  indirect  dependence  of  mankind  upon  ground  waters  is  difficult 
to  determine.  The  greater  part  of  the  low-water  flow  of  those  of  our 
streams  that  have  no  large  lakes,  swamps,  or  glaciers  in  their  drain- 
age basins  is  sustained  by  the  slow  escape  from  soil  and  rock  and 
vegetable  mulch  of  water  that  is  stored  there  during  rains  and  the 
melting  of  snow.  An  amount  equivalent  to  the  low-water  flow  is  also 
contributed  of  course  during  high-water  periods,  so  that  only  that 
part  of  the  annual  run-off  of  ordinary  streams  that  is  represented  by 
the  excess  of  flood  flow  over  low -water  flow  is  discharged  directly 
from  the  surface,  without  joining  the  body  of  the  percolating  waters. 
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The  remainder,  for  a  longer  or  shorter  part  of  its  journey  from  the 
clouds  to  the  sea,  has  been  stored  underground  and  the  rate  of  its  sea- 
ward passage  thereby  notably  cheeked.  The  greater  the  proportion  of 
precipitation  within  a  drainage  basin  that  joins  the  underflow,  there- 
fore, the  more  regular  the  streams  of  that  basin.  Areas  of  little  or  no 
underground  storage  are  areas  of  violent  floods  and  extreme  droughts, 
while  areas  with  a  large  proportion  of  underground  storage  are  areas 
of  slight  floods  and  large  and  well-sustained  low-water  flow.  Hence 
as  a  national  policy  all  should  be  done  that  can  be  done  to  increase 
underground  storage. 

The  factors  that  affect  it  favorably  or  adversely  are  many,  and  too 
few  of  them  are  within  the  control  of  man.  Hence  those  that  he  can 
control  should  be  used  to  the  best  possible  advantage.  Among  these 
controlling  factors  are  the  character  of  the  precipitation,  the  topog- 
raphy, including  the  steepness  of  slopes  and  of  stream  channels,  the 
geology — that  is,  the  character  of  the  rocks  and  the  soils — and  finally 
the  vegetation. 

If  the  precipitation  is  violent  and  is  concentrated  within  a  short 
period,  much  less  opportunity  is  afforded  for  its  absorption  than  if 
the  rain  falls  gently  for  a  longer  period.  Brief  violent  storms  are 
characteristic  of  our  deserts  where  destructive  floods  are  followed  by 
long-continued  droughts. 

The  effect  of  the  topographic  character  of  a  drainage  basin  is  ob- 
vious. There  will  be  relatively  little  run-off  from  a  perfect  plain  if 
the  rocks  or  soil  beneath  it  have  absorptive  capacity.  In  a  region 
of  steep  slopes  and  stream  channels  of  high  gradient,  on  the  con- 
trary, water  does  not  stand,  and  a  comparatively  sliglit  precipita- 
tion will  be  followed  promptly  by  a  notable  run-off,  unless  other 
favorable  factors  serve  to  prevent  it. 

The  influence  exerted  by  geology  is  also  a  powerful  one.  The  type 
of  rock,  the  presence  and  depth  or  the  absence  of  soils  derived  from 
it,  and  the  existence  of  a  mantle  of  glacial  drift  often  make  the 
difference  between  a  region  well  supplied  with  ground  waters  and 
drained  by  streams  of  regular  flow  and  a  region  without  ground 
waters  and  with  most  erratic  and  uncontrollable  streams.  Ijoose 
sandstones  absorb  water  like  sponges,  to  yield  it  slowly  at  some  lower 
point,  perhaps  in  a  distant  drainage  basin.  Cavernous  limestone? 
may  offer  tortuous  underground  passages  through  which  water 
escapes  slowly;  the  loose  heaps  of  glacial  debris  permit  but  little 
surface  escape,  so  thoroughly  do  they  absorb  the  water  that  falls 
upon  them.  The  deep  mantle  of  decayed  rock  that  covers  many  of 
our  Southern  States  is  equally  effective  in  this  respect.  Polished 
glacial  surfaces,  on  the  contrary,  such  as  exist  in  parts  of  the  Sierra, 
shed  water  as  effectively  and  promptly  as  a  roof.    Dense  slates,  fresh 
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and  unfractured  granites,  or  cloHe-grained  metamorphic  rocks  absorb 
little  or  no  water  and  contribute  practically  nothing  to  the  under- 
ground supply. 

Finally,  the  various  cover  growths  are  of  the  utmost  importance  in 
modifying  absorption  and  run-off.  Trees,  brush,  grasses,  and  grow- 
ing crops  act  in  many  ways  to  this  end.  Everywhere  the  roots,  pene- 
trating the  soil  and  decaying  there,  leave  little  channels  for  the 
circulation  of  the  water;  on  mountain  slopes  and  rocky  areas  they 
hold  loose  fragments  of  rock  by  their  binding  root  systems  and  pre- 
vent them  from  being  wjished  away  so  soon.  The  crevices  about  the 
rock  fragments  which  are  thus  held  become  little  storage  reservoirs. 
The  trees  aid  in  making  these  crevices  by  the  prying  action  of  their 
roots  and  by  the  disintegrating  action  of  the  vegetable  acids  that  are 
yielded  by  their  decay.  The  various  growths  build  up  a  porous 
absorptive  soil  by  the  litter  which  they  slied  and  the  rock  sand  which 
becomes  enmeshed  in  their  roots,  and  they  protect  the  soil  which  thus 
accumulates  and  prevent  it  being  swept  away.  Finally,  they  interfere 
directly  with  run-off  by  the  obstacles  which  their  roots,  stems,  and 
fallen  leaves  and  branches  offer  to  the  flow  of  water  over  the  surface. 
In  all  of  these  functiiwis  the  immediate  escape  of  rains  as  sudden 
floods  is  checked  and  their  absorption,  to  be  slowly  released  later,  is 
encouraged.  It  is  because  of  the  full  recognition  of  this  part  that 
forests  play  in  the  conservation  of  ground  waters  and  the  regulation 
of  run-off  that  engineers  and  geologists  who  have  made  a  special 
study  of  ground-water  supplies  and  their  relation  to  surface  waters 
are  such  earnest  advocates  of  the  conservation  and  extension  of 
forest  cover. 

LIMITATIONS  AND  METHODS. 

Something  has  been  said  of  the  wide  extent  of  ground  waten^,  of 
their  enormous  aggregate  volume,  of  the  direct  def>endence  of  man 
upon  them,  of  their  critical  relation  to  the  more  obvious  stream  flow, 
and  of  the  growing  recognition  of  their  latent  value  and  industrial 
possibilities.  A  word  should  lie  added  as  to  the  danger  of  exaggerat- 
ing their  utility  or  their  practical  quantity  in  some  places  and  the 
complex  problems  involved  in  their  utilization. 

They  are  ultimately  dependent  u|K)n  rainfall.  Therefore,  like 
surface  waters,  they  are  less  abundant  in  arid  than  in  humid  regions, 
and  when  used  there  they  will  be  less  rapidly  renewed.  But  l)ecause 
of  the  greater  need  more  attention  is  paid  to  them  in  the  dry  than 
in  the  wet  States;  they  are  more  vigorously  developed  there  and 
there  is  more  danger  that  they  may  be  overdrawn. 

Many  gravel-filled  valleys  west  of  the  Rocky  Mountains  contain 
botti  surface  and  underground  watei:j>,  not  enough  of  either  alone  to 
irrigate  all  of  the  tillable  lands,  but  when  both  are  used  together 
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much  more  valuable  than  when  either  is  used  alone.  Often  power 
can  be  developed  upon  surface  streams  and  this  power  applied  to  the 
recovery  of  the  earth  waters  that  saturate  the  lower  valley  lands. 
This  mountain  water  coming  down  to  the  lands  from  above  is  made 
to  lift  the  underground  water  to  the  lands  from  below — a  most  ad- 
mirable combination  and  one  excellently  illustrated  in  the  case  of  the 
Santa  Ana  River  in  southern  California. 

A  part  of  the  water  of  this  river  is  stored  in  a  reservoir  in  the  San 
Bernardino  Mountains  and  the  flow  of  the  stream  thereby  regulated. 
After  it  escapes  from  the  reservoir  it  is  diverted  through  a  power 
plant  and  electric  power  is  generated.  Below  the  first  power  plant 
it  is  rediverted  and  passed  through  a  second  power  plant  Below 
this  it  is  all  distributed  and  used  for  mimicipal  and  irrigation  pur- 
poses about  Redlands  and  Highlands.  The  waters  that  return  from 
the  irrigation  are  recovered  in  springs  and  flowing  wells  and  by 
pumpkig  plants,  a  portion  of  the  power  developed  higher  up  on  tie 
stream*  being  used  for  the  latter  purpose.  This  recovered  water -is 
used  for  irrigation  about  San  Bernardino  and  Riverside.  A  part  ^f 
it  reappears  in  the  river  above  Riverside  Narrows,  where  it  is  agrfin 
taken  out  into  a  power  ditch  whose  waters  are  returned  to  the  ri^r 
above  Corona.  A  few  miles  below  it  is  picked  up  by  canals  and  dis- 
tributed to  the  orange  and  deciduous  groves  about  Anaheim  and 
Santa  Ana.  The  portion  of  it  that  returns  there,  by  irrigation,  to 
the  ground  water  is  once  more  recovered  by  the  many  pumping* 
plants  and  flowing  wells  west  of  Santa  Ana  in  the  lower  coastal  plain. 

A  single  drop  of  water  in  its  progress  from  the  mountains  to  the 
sea,  a  distance  of  only  100  miles,  may  thus  be  used  as  many  as  eight 
times  for  power  and  irrigation.  This  is  an  almost  ideal  use  of  water. 
The  combination  of  power  development  and  the  recoverj'  of  under- 
ground waters  to  supplement  the  surface  flow  results  in  a  minimum 
of  waste  and  a  maximum  of  economy.  Development  of  this  type 
is  being  rapidly  extended  now  over  parts  of  the  West  and  will  receive 
still  further  extension  in  the  future. 

But  care  must  always  be  taken  not  to  tax  too  severely  the  under- 
ground basins  from  which  the  water  is  drawn.  They  are  not  by  any 
means  inexhaustible.  WTien  rainfall  is  light,  the  quantity  of  water 
returned  to  the  reservoirs  each  year  may  be  small,  although  the 
quantity  stored  there  is  large.  However  large  it  may  be,  if  more  is 
withdrawn  each  year  than  is  replaced,  there  will  be  gradual  lowering 
of  the  ground-water  level  and  ultimate  disaster.  Therefore,  users 
of  ground  waters  in  arid  regions  must  study  carefully  the  effects  of 
development  in  order  to  be  sure  that  they  are  not  prospering  during 
the  present  at  the  expense  of  di^ster  in  the  future.  Furthermore,  in 
many  sections  where  water  is  badly  needed  ground  waters  do  not 
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exist  Besidents  of  such  sections,  urged  on  by  their  need,  do  not 
always  realize  this,  and  attempts  that  are  hopeless  from  the  beginning 
are  made  to  procure  them.  *  Each  field  is  a  particular  problem  with  its 
own  solution.     General  rules  have  only  a  limited  application. 

BEIiATIONS  TO  OTHER  RESOURCES  AND  TO  CONSERVATION. 

Ground  waters  and  surface  waters  are,  of  course,  intimately  related. 
All  usable  ground  waters  were  first  surface  waters,  although  perhaps 
only  momentarily,  and  the  greater  part  of  them  eventually  become 
surface  waters  again  after  their  journey  underground  is  completed. 
It  is  thus  that  they  sustain  stream  flow  during  dry  periods  and  so  are 
closely  related  to  power  development  and  to  irrigation,  both  of  which 
are  much  more  successful  with  a  sustained  and  regular  than  with  an 
erratic  run-off. 

.  Practically  all  vegetable  life  depends  upon  the  existence  of  ground 
•water.  It  sustains  our  crops  and  our  forests  and  is  in  turn  protected 
by  them  through  functions  already  outlined.  Seventy-five  per  cent  of 
our  population  depends  directly  upon  it,  and  an  important  additional 
percentage  indirectly.  It  is  used  in  irrigation,  in  industry,  in  transpor- 
tation, in  all  the  many  activities  of  life.  But,  being  one  of  the  re- 
sources that  is  constantly  renewed  by  natural  processes,  we  need  only 
exercise  reasonable  care  in  our  use  of  it  to  have  it  to  draw  upon  per- 
*petually.  There  are  districts  in  the  United  States,  fortunately  few  in 
number  a^id  small  in  area,  where  the  ground  waters  are  being  ex- 
tracted faster  than  they  are  renewed.  There  are  other  areas  in  idaich 
they  are  being  contaminated  and  rendered  useless  or  harmful  bfr  the 
careless  discharge  of  industrial  waste  or  sewage  or  brines  from, deep 
wells.  There  are  still  other  areas  in  which,  through  the  stripping  of 
the  natural  cover  growths,  the  annual  accessions  to  the  supply  are  ma- 
terially reduced.  These  conditions  must  be  met  and  remedied ;  then 
nature,  through  her  annual  rainfall,  will  repair  the  harm,  as  yet 
slight,  that  has  been  done. 
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By  R.  B.  Dole  and  H.  Stabler. 


INTBODXTCTION. 

The  accompanying  tables  present  estimates  of  the  rate  of  denuda- 
tion in  the  United  States.  The  figures  show  the  rate  at  which  the 
earth's  crust  is  being  moved  as  solid  particles  carried  in  suspension 
by  streams  and  as  matter  carried  in  aqueous  solution.  The  first 
table  is  a  summary  of  the  estimated- denudation  for  the  whole  United 
States  and  for  the  primary  drainage  basins ;  the  other  tables  contain 
detailed  estimates  for  smaller  areas.  The  map  indicates  graphically 
the  rates  of  denudation  in  different  parts  of  the  country. 

SOUBCES  OF  DATA. 

The  computations  of  denudation  factors  are  based  on  figures  rep- 
resenting the  amount  of  mineral  matter  carried  by  streams,  the  size 
of  the  areas  tributary  to  the  streams,  and  the  quantity  of  water  dis- 
charged by  the  streams.  The  run-off  data  are  derived  principally 
from  measurements  made  by  the  water-resources  branch  of  the 
United  States  Geological  Survey;  some  of  the  measurements,  espe- 
cially in  lower  Mississippi  Valley  and  on  the  Great  Lakes,  were  made 
by  the  Engineer  Corps,  U.  S.  Army;  the  Weather  Bureau,  Depart- 
ment of  Agriculture,  has  contributed  series  of  gage  heights  in 
several  streams ;  and  estimates  of  run-off  based  on  the  best  available 
information  have  been  made  for  areas  regarding  which  no  measure- 
ments are  at  hand.  The  estimates  of  the  size  of  the  drainage  basins 
are  either  copied  from  printed  reports  or  measured  from  the  best 
available  maps.  The  greater  part  of  the  chemical  data  are  derived 
from  complete  mineral  analyses  of  river  waters,  about  5,000  in  all, 
performed  for  the  water-resources  branch  under  the  direction  of 
R.  B.  Dole  by  W.  M.  Barr,  F.  W.  Bushong,  C.  K.  Calvert,  W.  D. 
Collins,  F.  M.  Eaton,  J.  R.  Evans,  P.  L.  McCreary,  Chase  Palmer, 
J.  L.  Porter,  M.  G.  Roberts,  F.  C.  Robinson,  Walton  Van  Winkle, 
and  A.  J.  Weith.  Daily  samples  of  water  were  collected  for  one 
year  from  about  150  rivers  and  lakes  in  California  and  in  the  States 
east  of  the  one  hundredth  meridian.    Ten  consecutive  samples  were 
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then  united  and  the  composites  thus  obtained  were  subjected  to  com- 
plete mineral  analysis*  The  information  regarding  dissolved  and  sus- 
pended  matter  in  the  streams  of  the  arid  States,  except  California,  has 
been  furnished  by  the  United  States  Reclamation  Service  from  work 
done  under  the  direction  of  W.  H.  Heileman,  but  unfortunately  the 
detailed  analyses  could  not  be  procured  and  therefore  the  comparative 
accuracy  of  the  estimates  is  unknown.  In  the  California  and  the 
Reclamation  Service  work  50  cubic  centimeters  of  filtered  and  50 
cubic  centimeters  of  unfiltered  sample  were  evaporated,  dried  at  110° 
C,  and  weighed  to  determine  suspended  and  dissolved  solids.  In  the 
other  analyses  the  suspended  matter  in  500  cubic  centimeters  of  the 
sample  was  removed  by  filtration  through  a  Gooch  crucible,  dried 
at  180°  C,  and  weighed  for  suspended  solids;  the  filtrate  was  then 
evaporated,  dried  at  180°  C,  and  weighed  for  dissolved  solids.  Some 
error  is  introduced  by  comparing  solids  determined  at  180°  with  solids 
determined  at  110°.  The  size  of  the  error  varies  with  the  amount  of 
organic  matter  and  water  of  crystallization  present  and  with  the 
character  of  the  solids  themselves,  and  is  probably  variable  for 
different  rivers  and  for  the  same  river  from  time  to  time;  conse- 
quently no  correction  for  it  has  been  made.  In  most  cases,  however, 
this  circwnstance  introduces  less  than  10  per  cent  error. 

The  figures  for  Kennebec  River  are  computed  from  analyses  by 
G.  C.  Whipple  and  E.  C.  I^vy.  The  dissolved  solids  for  Connecti- 
cut River  and  for  Housatonic  River  are  from  reports  of  the  Connecti- 
cut state  board  of  health ;  for  Merrimac  River,  from  reports  of  the 
Massachusetts  state  board  of  health;  for  Blackstone  River,  from 
reports  of  the  Rhode  Island  state  board  of  health.  The  data  for 
Hudson  River  at  Albany,  N.  Y. ;  Potomac  River  at  Great  Falls,  Md. ; 
and  Allegheny  River  at  Pittsburg,  Pa.,  are  from  reports  of  water- 
supply  investigations  at  those  places.  The  figures  for  Colorado 
River  at  Yuma,  Ariz.,  are  computed  from  analyses  by  R.  H.  Forbes 
and  from  others  made  in  continuation  of  his  work  by  the  Reclama- 
tion Service.  The  data  for  Ohio  River  at  Louisville,  Ky.,  and  at 
Cincinnati,  Ohio,  are  quoted  from  reports  by  G.  W.  Fuller.  The 
data  at  West  Alton  and  at  Jefferson  Barracks,  Mo.,  are  quoted  from 
analyses  by  A.  W.  Palmer  in  connection  with  the  case  of  the  State  of 
Missouri  against  the  State  of  Illinois  and  the  sanitary  district  of 
Chicago.  The  estimates  of  suspended  and  dissolved  solids  at  New 
Orleans,  La.,  are  computed  from  fifteen  years'  sediment  determina- 
tions by  the  Engineer  Corps,  U.  S.  Army,  and  from  five  years'  de- 
terminations by  the  New  Orleans  water  and  sewerage  board.  In 
all  the  quoted  analyses  the  estimates  are  given  by  weight  and  not  by 
volume,  and  in  nearly  all  cases  they  show  the  average  condition  of 
the  water  for  one  or  more  years. 
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METHODS  OF  COMPUTATION. 

The  estimates  of  denudation,  computed  from  the  above-mentioned 
data  by  H.  Stabler,  indicate  the  removal  in  solution  and  suspension 
of  solids  from  the  primary  and  secondary  drainage  basins  of  the 
United  States  as  classified  by  the  Greological  Survey.  The  de- 
terminations on  which  the  computations  are  based  are  given  in 
detail.  The  eleven  primary  basins  are  designated  by  Roman  numer- 
als. Under  the  secondary  basins,  which  are  designated  by  Arabic 
figures,  important  tributaries  and  the  sampling  stations  are  indicated. 

The  second,  third,  fourth,  and  fifth  columns  of  the  tables  give, 
respectively,  the  areas  of  the  basins,  the  dissolved  solids,  the  sus- 
pended solids,  and  the  annual  run-off  per  square  mile.  In  columns 
6  and  7  the  annual  denudation  in  tons  per  square  mile  for  the  areas 
above  the  points  at  which  samples  were  collected  is  computed  bv 
multiplying  together  solids  in  parts  per  1,000,000,  run-off  in  second- 
feet  per  square  mile,  and  0.985;  in  all  other  regions  the  denudation 
is  estimated  from  the  data  for  known  areas.  Columns  8  and  9  show 
the  total  denudation  in  thousands  of  tons  per  year,  computed  for 
the  secondary  areas  by  multiplying  denudation  in  tons  per  square 
mile  per  year  by  the  drainage  area  in  thousands  of  square  miles. 

The  depth  in  millionths  of  .an  inch  per  year  covered  by  the  mate- 
rial removed  is  found  by  dividing  the  tons  per  square  mile  per 
year  by  0.1917  and  the  last  three  columns  bear  reciprocal  relations 
to  columns  10,  11,  and  their  sum.  Any  attempt  to  estimate  ero- 
sion in  volumetric  terms  from  determinations  of  dry  suspended  mat- 
ter and  dissolved  solids  involves  the  use  of  factors  which  are  by  no 
means  absolute.  The  actual  specific  gravity  of  the  mineral  substance 
carried  in  streams  in  the  United  States  is  not  greatly  different  from 
2.6.  This  figure  is  practically  identical  with  that  commonly  assumed 
for  the  specific  gravity  of  the  earth's  crust  and  corresponds  to 
a  weight  of  165  pounds  per  cubic  foot.  Each  165  pounds  of  sub- 
stance found  in  water,  therefore,  represents  the  erosion  of  approxi- 
mately 1  cubic  foot  of  the  crust  of  the  earth, (and  estimates  of 
ultimate  rock  losses  based  upon  these  figures  are  probably  not  in 
error  more  than  8  or  10  per  cent.  Common  earth  or  loam,  however, 
contains  a  large  amount  of  air  space,  or  voids,  and  dry  earth  is  esti- 
mated as  weighing  80  to  110  pounds  per  cubic  foot.  If  an  estimate 
of  erosion  be  made  upon  this  basis  the  error  for  a  large  area  will  prob- 
ably not  be  great,  but  may  amount  to  20  per  cent  or  more  when  calcu- 
lations are  made  for  small  areas.  Finally  a  third  factor  for  calcula- 
tion is  based  upon  an  attempt  to  determine  the  volume  of  river  sedi- 
ment or  mud  banks  that  a  given  weight  of  suspended  matter  may 
form.  Investigators  working  upon  different  streams  in  the  United 
States  have  obtained  results  indicating  that  a  cubic  foot  of  sediment 
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may  be  produced  by  60  to  125  pounds  of  dry  material.  The  compact- 
ness of  the  «ud  is  so  variable  that  an  estimate  of  this  nature  based 
upon  an  average  of  90  pounds  per  cubic  foot  is  likely  to  be  in  error 
by  about  45  per  cent.  In  view  of  the  widely  divergent  values 
given  for  river  sediment  and  for  surface  loam,  the  estimates  for 
denudation  expressed  in  millionths  of  an  inch  in  depth  from  the 
entire  drainage  area  and  in  years  required  for  the  erosion  of  1 
inch  from  the  drainage  area  are  based  upon  the  assumption  that 
165  pounds  of  suspended  or  dissolved  solids  represent  the  removal 
of  1  cubic  foot  of  the  earth's  crust.  The  factor  0.1917  has  been 
computed  on  that  basis.  For  the  convenience  of  those  who  prefer 
a  different  basis  of  calculation,  the  following  table  of  ratios  is 
presented.  The  figures  given  in  this  report  for  denudation  in  inches 
can  be  recomputed  by  dividing  them  by  the  ratio  corresponding  to 
the  weight  given  in  column  1. 


Ratios  for  recomputing  denudation  in  inches. 


Weight  of 
material 

Corre- 

sponding 

RaUo. 

per  cubic 

specific 

toot 

gravity. 

Pound9. 

165 

2.64 

1.00 

150 

2.40 

.91 

140 

2.24 

.85 

lao 

2.08 

.79 

120 

1.92 

.73 

110 

1.76 

.67 

100 

1.60 

.61 

90 

1.44 

.55 

80 

1.28 

.49 

70 

1.12 

.42 

60 

.96 

.36 

50 

.80 

.30 

The  estimates  for  the  primary  basins  and  for  the  whole  United 
States  are  based  upon  the  estimates  for  the  secondary  areas. 

PROBABLE  ACCUBACY. 

The  majority  of  the  figures  for  run-off  per  square  mile  per  year  are 
based  upon  discharge  measurements  extending  over  periods  of  seven 
years  or  more  and  are,  with  a  few  exceptions,  within  10  per  cent  of 
the  true  average  values.  The  drainage  areas  in  square  miles  are  so 
nearly  correct  that  their  errors  are  negligible  in  these  calculations. 
The  estimates  of  dissolved  solids  represent  the  average  condition  of 
the  water  for  a  period  of  one  year  or  more.  By  comparison  of  annual 
averages  for  several  streams  in  different  years  it  has  been  estimated 
that  the  average  for  one  year  is  generally  not  over  10  per  cent  from 
the  correct  average  value,  and  it  is  undoubtedly  true  that  the  average 
total  solids  does  not  vary  from  year  to  year  nearly  so  much  as  the 
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average  run-off.  On  the  other  hand,  suspended  solids  are  subject  to 
greater  variation  than  run-off.  Floods  are  always  attended  by  ex- 
treme rises  in  suspended  solids,  and  the  amount  of  suspended  matter 
is  subject  to  enormous  variation  from  place  to  place  on  account  of 
changes  in  stream  velocity,  the  character  of  the  river  bed,  and  other 
features.  In  consequence  of  these  facts,  it  is  possible  that  denuda- 
tion estimates,  based  on  average  suspended  matter  for  one  year,  may 
lx»  in  error  as  much  as  50  per  cent  When  all  these  facts  are  consid- 
ered in  conjunction  with  the  distance  of  the  sampling  stations  from 
tlie  mouths  of  the  rivers,  it  may  be  estimated  that  the  calculated 
figures  for  denudation  are  generally  within  20  per  cent  of  the  true 
values.  Only  two  significant  figures,  therefore,  have  been  retained 
in  the  last  five  columns.  In  many  streams  of  the  arid  and  semiarid 
regions  the  yearly  fluctuations  in  run-off  are  very  great  and  the 
mineralization  of  the  waters  is  very  high,  so  that  estimates  of 
denudation  in  that  part  of  the  country  are  not  so  reliable  as  similar 
estimates  for  eastern  rivers.  As  the  analytical  data  for  the  northern 
Pacific,  Hudson  Bay,  and  western  Gulf  of  Mexico  basins  are  ex- 
tremely meager,  the  estimated  denudations  for  those  areas  may  be 
more  than  20  f>er  cent  in  error,  and  further  investigations  in  those 
regions  must  be  made  before  reliable  values  can  be  calculated. 

DISCUSSION  OF  SUMMABY. 

The  summary  presents  in  tabular  form  denudation  estimates  for 
the  primary  drainage  basins  and  for  the  whole  United  States.  The 
figures  for  dissolved  solids  practically  represent  material  carried 
into  the  ocean;  the  figures  for  suspended  solids,  on  the  other  hand, 
represent  more  properly  material  carried  to  tide  water,  because  the 
decrease  in  stream  velocity  at  that  point  occasions  a  gradual  deposi- 
tion of  the  matter  transported  in  solid  form.  The  tons  per  square 
mile  per  year  removed  from  different  basins  show  interesting  com- 
parisons. In  respect  to  dissolved  matter,  the  southern  Pacific  basin 
heads  the  list  with  177  tons,  the  northern  Atlantic  basin  being  next 
with  130  tons.  The  rate  for  Hudson  Bay  basin,  28  tons,  is  lowest; 
that  for  the  Colorado  and  western  Gulf  of  Mexico  basins  is  somewhat 
higher.  The  denudation  estimates  for  the  southern  Atlantic  basin 
correspond  very  closely  to  those  for  the  entire  United  States.  The 
amounts  are  generally  lowest  for  streams  in  the  arid  and  semiarid 
regions,  because  large  areas  there  contribute  little  or  nothing  to  the 
rim-off.  The  southern  Pacific  basin  is  an  important  exception  to 
this  general  rule,  presumably  l)ecause  of  the  extensive  practice  of 
irrigation  in  that  area.  The  amounts  are  highest  in  ivgions  of  higli 
rainfall,  though  usually  the  waters  in  those  secticms  are  not  so  highly 
mineralized  as  the  waters  of  streams  in  arid  regions. 
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Colorado  River  brings  down  the  most  susi)ended  matter,  delivering 
387  tons  per  year  for  each  square  mile  of  its  drainage  basin.  Though 
many  small  streams  bring  silt  into  the  Great  Lakes,  sedimentation 
clears  the  water,  and  practically  no  suspended  matter  is  transported 
by  St.  Lawrence  River.  In  general  much  less  suspended  matter  is 
carried  by  northern  than  by  southern  rivers,  a  phenomenon  influ- 
enced probably  more  by  the  texture  of  the  soil  and  the  subsoil  and 
the  geologic  character  of  the  rocks  than  by  stream  velocity. 

The  detailed  estimates  throw  considerable  light  upon  the  progress 
of  erosion  in  different  sections  of  the  river  valleys.  The  Mississippi, 
for  instance,  apparently  discharges  more  material  than  is  brought  in 
by  its  tributaries,  thus  indicating  that  its  lower  valley  is  still  being 
eroded.  The  lower  Colorado,  however,  appears  to  be  receiving  de- 
posits from  both  dissolved  and  suspended  matter  taken  from  its 
upland  drainage  area.  The  Rio  Grande  is  similar  to  the  Colorado 
in  this  respect. 

The  estimates  reveal  that  the  surface  of  the  United  States  is  being 
removed  at  the  rate  of  thirteen  ten-thousandths  of  an  inch  per  year, 
or  1  inch  in  760  years.  Though  this  amount  seems  trivial  when 
spread  over  the  surface  of  the  country,  it  becomes  stupendous  when 
considered  as  a  total,  for  over  270,000,000  tons  of  dissolved  matter 
and  513,000,000  tons  of  suspended  matter  are  transported  to  tide 
water  every  year  by  the  streams  of  the  United  States.  This  total  of 
78:^,000,000  tons  represents  more*  than  350,000,000  cubic  yards  of  rock 
substance,  or  610,000,000  cubic  yards  of  surface  soil.  If  this  erosive 
action  had  been  concentrated  upon  the  Isthmus  of  Panama  at 
the  time  of  American  occupation,  it  would  have  excavated  the  prism 
for  an  85-foot  level  canal  in  about  seventy-three  days. 
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CONTROL  OF  CATCHMENT  AREAS. 


By  Horatio  N.  Pabkeb. 


Vatvhmvnt  arras,  annual  vonHumption^  and  total  moncp  invrxtmmt  of  ikr  ir< 
tcorkft  of  ^2  citU'M  which  derive  their  water  supplies  frrptn  impounded 
waters  and  whieh  hare  populations  of  over  30^000, 


city. 


Total  inv 


Catch- 
ment 
area. 


8q.  mile*. 

9.00 

347.00 

6  212. 38 

40.80 

7.70 


6.80 

49.00 

3,910.00 


Altoona,  Pa 

Baltimore,  Md.... 

Boston,  Mass 

Brideeport,  Conn. 
Brockton,  Mass... 

Butte.  Mont 

Cambridge,  Mass.. 
Charleston,  8.  C. . 

Denver,  Colo 

Elmlra,  N.Y 

Fall  River,  Mass 27.54 

Fitchburg,  Mass 7.40 

Hartford.  Conn 13.00 

Haverhill,  Mass 20.10 

Holvoke,  Mass I        18.05 

JorsinClty,  N.J i 

John.stown,  Pa i         Ti.  50 

Los  Angeles,  Cal !      502. 50 

Lynn,  Mass 

Newark.  N.J 

New  Bedford,  Mass....'     «12.W) 

New  Haven.  Conn '       5<i.  40 

New  York.  N.Y.  (l>or-  I 

oughs  of  Manhattan 

and  Bronx) ,   a382.00 

Norfolk,  Va 

Oakland.  Cal 

Pawtucket,  R.  1 27.80 

Portland,  Me 

Portland,  Oreg 

Reallng,  Pa 218. (» 

Rochester,  N.  Y >r4i.20 

St.  Paul,  Minn ; 

Salem,  Mass 

Stilt  Lake  City.  UUih... 

San     Francisco,     Cal.  J 

(prior  to  fire) 

Stranton,  Pa. 

SF)ringfield.  Mass *  18.00 

Svracuse.  N.Y 70.25 

Taunton,  Mass 52. 00 

Waterbury,  Conn 19. 50 

Wilkesbarre.  Pa 

Worcester.  Mass 


Reservoir 
capacity. 


OalloM. 

r  '"'  'T»,000 
00,000 
30.000 
00.000 
00,000 
00,000 
00,000 
20,000 
00,000 
00,000 


2 

3 
110 


1         Annual 

1    eonsimiption. 

OaUon*. 

547,5<r 'W 

22. 995,00 

00 

40,250,00 

100 

7,300,00 

00 

714,34 

00 

2.190,00 

00 

3,386,18 

00 

1,204,  fid 

00 

15,881,00 

00 

1,546,90 

00 

Cost  of  coil- 
strucUon. 


I  $910,148 
I  12,000,000 
,  40,460,778 


Boided 
indebtMt- 


K791QOO 

850.  OOD 

40,500^000 


lll2> 


1,713,900 


6.467.153 
2,456,682 


2,000,000 
2,035,000,000 
128,000,000 
1.600,000,000 
129.200.000 
283,000,000 
898,000,000 


9,000.000,000 

/  5, 550, 000, 000 

2,837,000,000 


*  108, 638, 000, 000 


1,640,00 
1.095,00 
2,190,00 
1,839.00 
2. 127, 84 
12,045,00 


00 
00 
DO 
00 
DO 
00 


6,300,000.000 

1,475,600,000 

30.000.000 

6,000.000 

18«i,022.000 

223.500,000 

18.000.000 

20,000,000 

9,012.000 

29,000,000,000 

2,000.000,000 

1,500,000.000 

121.000.000 

10,300,000,000 

920,000.000 

4.000.000 

2.550,000,000 


11,680,000,000 
1,873,450.000 

93,482.500,000 
2,524,661,000 
8,395,000,000 


A  119,720,000,000 
2,482,000,000 

"2.633,666,666 
2,190,000.000 
6,935,000,000 
3.768.260,000 
5,(121,000,000 
3.732.000,000 
1,090,426,000 
5,110.000,000 

12,344.665,000 
9.125.000,000 
4.000,000,000 
4,380,000.000 
818,774,000 
2,728,831,000 


895,000 
2,076.450 
1,400,000 
3,567,191 
1,463,017 
1,295.306 
5,200,000 
1,500,000 
c3, 983. 693 
2,900,891 
8,950,790 
3,332,800 


1,485,009  1 


3.7S7.eOO  I 
1,250,000  > 


1,5SO;QOD' 

446.000; 

675.«», 

aOi.833  I 

I      350.000  i 

!      600,000  I 

>3,*48b,256  . 

I  1,778.500  ! 

I  7.993,500  . 

1,638,000  I 


•86,350,562    

1,250,000    

4,520,000  j 

1.946,848  I  1,285,000 
2,677.970 


2.U.>4,U17,000 


5. 204. 650  > 
33.213.725 
9,028,000 
4,517.329  , 
•47,200  I 


2.900,000 

4011.000 

.'i.fiiaOOO 

2,367.000  • 

143,000 


2.500.525 
5.000.000 
1.367.801 
1.819,640 


555.000 

4,07s.  000 

853,500 

865,000 


ft*'. 


lU'* 

ixr. 

s  - 


u: « 


4,810,000     1,575,000  ^^ 


5i»«.  » 

IflBL  » 
A" 

54.  «• 


4,406.202     3,830.000  u  > 


0  Kxcluslve  of  a  reservoir  of  300,000,000  gallons  I'apaclty. 
b  Metropolitan  Water  Works. 

<■  Amount  spent  since  the  works  were  taken  over  l»v  the  city  in  Fcbniar>',  1902. 
rf  Original.  4,017,500. 

f  Kxclusive  of  u  storage  res4Tvolr  in  Acushncl.  which  has  a  CiU**hment  anvi  of  .*».2.'»  stfuarr  niiln. 
/  An  additional  storage  reservoir  of  l.(iOO.OO(i,(KK)  gallons  nvpai-ity  is  under  construction. 
(/  On  Croton,  Bronx,  and  Bvram  rivers. 

A  On  Croton  River,  including  the  new  Croton  re.scrvolr  to  be  (inlshiMl  in  1911,  and  on  Bronx  Ukl  H 
rivers. 

1  ISt!  to  IS<»S.  inclusive. 

>  Kxclusive  of  Hemlock  Lake. 

*  Little  River  supply,  now  40  |)er  cent  conipleU'd.  is  to  repla(«  preiient  supply;  will  have  a 
area  of  48  square  mUes  and  storage  capacity  of  2,600,000.000  gallons. 
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damages  due  to,  prevention  of 27 

discussion  of 10-27 

increase  in 10-11 

waters  of,  storage  of 26-27 
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Ground.    i>te  Soil. 

Gulf  States,  denudation  in 84,87 

water-power  development  in 32-33, 37-38 

water  powers  in 51,68,58 

H. 

Holyoke  River,  floods  on 20,22 
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E    PURIFICATION  OF  SOME  TEXTILE  AND  OTHER 
FACTORY  WASTES. 


By  Herman  Stabler  and  Gilbert  H.  Pratt. 


INTRODUCTION. 

Scope  cf  paper. — This  paper  gives  a  brief  outline  of  the  processes 
scouring  wool,  bleaching  cotton  yam  and  cloth,  dyeing  cotton  yam, 
id  manufacturing  oleomargarine,  glue,  and  fertilizer.  The  waste 
otters  of  these  processes  are  considered  in  detail  and  means  of  puri- 
ing  them  are  discussed  at  length,  special  prominence  being  given  to 
le  investigations  of  the  authors.  These  investigations,  which  were 
egun  in  pursuance  of  an  agreement  for  eleven  months'  cooperative 
ork  entered  into  August  1,  1906,  between  the  United  States  Geo- 
)gical  Siu^ey  and  the  Rhode  Island  state  board  of  health,  consisted 
f  the  deteradnation  of  the  effects  of  special  industrial  wastes  on 
treams,  their  persistence,  their  relation  to  health,  their  damage  to 
latural  water  resources,  and  the  best  methods  of  disposing  of  them, 
)urifying  them,  or  recovering  valuable  materials  contained  in  them. 
The  effect  of  the  wastes  on  streams  and  the  resulting  damage  to  water 
•esources  has  been  detailed  in  another  publication.* 

The  cooperative  work  was  conducted  under  the  joint  supervision 
of  M.  O.  Leighton,  chief  hydrographer  of  the  United  States  Geological 
Survey,  and  Dr.  Gardner  T.  Swarts,  secretary  of  the  Rhode  Island 
state  board  of  health,  and  the  expense  was  shared  equally  by  the 
organizations  represented.     The  investigation  of  processes,  the  gen- 
eral field  work,  and  a  part  of  the  laboratory  experiments  and  analyses 
were  conducted  by  Heraaan  Stabler,  assistant  engineer,  United  States 
Geological  Siu^ey.     The  general  laboratory  work  was  conducted  by 
Gilbert  H.  Pratt,  chemist,  Rhode  Island  state  board  of  health.    After 
the  close  of  the  cooperative  work  on  Jime  30,  1907,  the  purification 
experiments  were  continued  for  several  months  by  the  state  board  of 
health,  and  the  operation  of  an  experimental  purification  plant  that 
had  been  established  and  the  installation  and  operation  of  other 
plants  fell  imder  Mr.  Pratt's  direction. 

Acknowledgments, — ^Information  as  to  processes,  free  access  to  fac- 
tories, assistance  in  installing  and  maintaining  experimental  pmrifica- 

tion  plants,  and  many  other  couriiesies  were  extended  by  the  manu- 

« stabler,  Herman,  Pollution  of  the   Moshassuck   ♦    *    *    rivers:  Spec.  Rept.  Rhode  Island  State 
Board  of  Health,  1906. 
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facturers  affected  by  these  investigations.  The  hearty  cooperation 
thus  received  is  acknowledged  with  thanks.  A  partial  list  of  those 
who  contributed  to  the  research  in  this  manner  is  as  follows:  Messrs. 
A.  A.  Sack,  J.  R.  MacCoU,  F.  A.  Sayles,  K.  F.  Wood,  H.  F.  Schwarz, 
F.  R.  Mason,  W.  J.  Burton,  J.  P.  Famsworth,  F.  R.  Ames,  H.  G. 
McKerrow,  S.  Turner,  and  William  Hartshome. 

Special  acknowledgment  is  due  Dr.  Gardner  T.  Swarts  for  his  per- 
sonal interest  in  the  investigations  and  for  his  active  assistance  in 
procuring  the  cooperation  of  manufacturing  interests. 

Free  use  has  been  made  of  the  technical  literature  on  the  subjects 
treated.  Where  specific  facts  have  been  taken  from  such  sources  due 
credit  is  given,  but  the  report  also  contains  material  gleaned  from  a 
perusal  of  the  history  of  previous  investigations,  for  which  entire 
credit  can  not  rightly  be  given  to  any  one  author. 

WOOL  SCOURING. 

NECESSITY  FOR  TREATMENT. 

Raw  wool,  as  it  comes  from  the  sheep,  is  heavily  impregnated  with 
fatty  matter,  potassium  salts,  sand,  and  miscellaneous  organic  and 
inorganic  materials.  These  impurities  are  derived  partly  from  exu- 
dations from  the  skin  of  the  animal  and  partly  from  outside  sources, 
such  as  the  soil  over  which  the  sheep  moves.  As  it  comes  to  the 
textile  factory,  therefore,  wool  may  contain  only  from  20  to  80  per 
cent  of  fiber  from  which  yam  may  be  produced.  The  separation  of 
these  impurities  from  the  fiber  is  one  of  the  most  important  processes 
of  manufacture.  The  separation  must  be  practically  complete  or  all 
subsequent  processes  will  suffer,  for  imperfectly  scoured  wool  resists 
the  action  of  mordants  and  takes  a  streaky  color  in  dyeing,  causes 
the  fabric  to  become  stiff  and  hard,  and  otherwise  interferes  with  the 
production  of  high-class  textiles.  The  scouring  processes  depend  for 
their  success  on  the  use  of  softening  and  solvent  agents  which  bring 
into  solution  some  of  the  impurities  and  loosen  others  from  the  fiber 
so  that  they  may  readily  be  removed. 

PROCESSES  OF  SCOURING. 
SCOURING    WITH   SOAP,  ALKALI,  AND  WATER. 

The  agents  most  commonly  used  for  scouring  wool  are  soap,  alkali, 
and  water.  The  operation  is  usually  conducted  in  a  series  of  three 
long,  shallow  iron  tanks.  These  are  nearly  filled  with  water,  to  which 
soap  and  alkali  are  added  in  desired  amounts.  The  wool  13  then  fed 
continuously  into  the  first  tank,  through  which  it  is  slowly  carried  by 
an  ingenious  system  of  moving  rakes.  Having  reached  the  end  of 
the  first  tank,  the  wool  passes  between  rolls,  which  extract  the 
moisture  from  it,  and  it  falls  into  the  second  tank.  Passage  through 
the  second  and  third  tanks  is  accomplished  in  a  similar  manner. 
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The  wool  emerging  from  the  third  tank  is  practically  free  from 
impurities  and  is  ready  to  be  dried,  oiled,  and  subjected  to  fiurther 
manufacturing  processes.  As  more  and  more  wool  passes  tlirough 
the  scouring  machine,  the  liquid  in  the  tanks  becomes  very  foul  and 
the  operation  finally  has  to  be  discontinued.  The  scouring  liquor  is 
discharged  from  the  first  tank  into  the  sewer,  the  liquor  in  the  second 
tank  is  discharged  into  the  first,  the  liquor  in  the  third  tank  is  dis- 
charged into  the  second,  and  the  third  tank  is  filled  anew  with  clean 
water  and  other  cleaning  agents.  In  this  way  the  waste  liquors  are 
highly  concentrated,  and  water,  soap,  and  alkali  are  used  in  an 
economical  manner.  Potassium  soaps  and  potash  are  usually 
employed,  because  the  sodium  compounds,  though  less  expensive, 
have  an  energetic  corrosive  action  on  the  fiber,  destroy  its  natural 
mellowness,  and  impart  to  it  a  yellow  tinge.  The  potassium  com- 
pounds, on  the  other  hand,  tend  to  whiten  the  wool  and  to  give  it  a 
softened,  difTusive  character.  Olive-oil  soaps  are  most  frequently 
used.  The  water  is  maintained  during  scom*ing  at  a  temperature 
between  32°  C.  (90°  F.)  and  60°  C.  (140°  F.).  The  higher  tem- 
peratures are  conducive  to  better  cleansing,  but  they  have  a  tendency 
to  injure  the  wool. 

For  each  thousand  gallons  of  water,  40  to  45  pounds  of  soft  soap 
and  5  to  10  pounds  of  potash  are  generally  used  in  scouring  from 
1,000  to  2,000  pounds  of  raw  wool  to  produce  600  to  900  poimds  of 
clean  wool  fiber.  These  figures  are,  of  course,  only  approximations; 
some  scourers  prefer  a  large  amount  of  soap  and  no  alkaU,  and  others 
use  very  Uttle  soap  and  large  quantities  of  alkaU.  At  some  mills  the 
wool,  after  having  been  scoured,  is  rinsed  in  a  running  stream  of  fresh 
water. 

STEEPING   AND   SCOURING. 

As  the  impurities  of  wool  include  potash  and  wool  fat,  two  valuable 
substances,  special  methods  of  cleansing  have  been  adopted  in  order 
to  facilitate  the  recovery  of  one  or  both  of  them  from  the  scouring 
liquor.  Steeping  in  tepid  water  as  a  preUminary  to  scouring  is  a  pro- 
cedure much  followed  in  Europe,  but  little  used  in  this  country.  The 
steeping,  as  usually  practiced,  is  in  reality  an  extractive  process,  for 
successive  portions  of  water  are  passed  through  the  wool,  softening 
the  impurities  and  removing  the  matters  soluble  in  water.  The  steep 
water  contains,  in  consequence,  a  lai^e  amount  of  potash. 

After  having  been  steeped,  the  wool  is  scoured  as  previously 
described.  Although  the  steeping  removed  from  the  wool  its  natural 
content  of  the  valuable  scouring  agent,  potash,  it  renders  scouring 
less  costly,  for  it  softens  the  impurities  so  that  they  may  easily  be 
removed  from  the  fiber.  This  results  in  a  saving  of  time  and  soap  in 
scouring.  The  recovery  of  potash  from  steep  water  is  another  advan- 
tage derived  from  this  procedure. 
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SCOURING   WITH    VOLATILE   SOLVENTS. 

Methods  of  scouring  with  volatile  solvents  have  been  devised  in 
great  numbers.  The  solvents  proposed  are  petroleum-naphtha,  car- 
bon disulphide,  and  carbon  tetrachloride.  Because  of  the  danger  in 
the  use  of  highly  inflammable  solvents  and  the  expense  entailed  by 
loss  of  solvent,  few  of  the  patented  processes  have  proved  to  be  suc- 
cessful. Some  of  them,  however,  provide  such  perfect  control  of  the 
solvent  that  its  escape  is  negligible,  and  excessive  cost  and  danger  of 
fire  have  been  obviated.  Unfortunately  these  processes  are  jealously 
guarded  for  the  exclusive  use  of  the  owners,  so  that  their  benefits  are 
not  open  to  textile  interests  generally. 

In  volatile  solvent  processes  the  raw  wool  is  placed  in  suitable  con- 
tainers, the  solvent  is  passed  through  it  again  and  again  imtil  all  the 
grease  is  extracted,  and  the  solvent  is  removed  from  the  wool  and 
container  by  means  of  an  inert  gas.  The  solvent  is  recovered  from 
the  grease  for  subsequent  use  by  distillation,  and  a  valuable  wool-fat 
product  is  left.  After  treatment  with  the  solvent,  the  wool  can  be 
completely  cleansed  by  warm  water  alone  in  the  usual  forms  of  scour- 
ing apparatus.  It  is  claimed  for  such  processes  that  the  recovered 
wool  fat  is  sufficiently  valuable  to  pay  for  the  extraction  process. 
The  gain  in  their  use  is  measured  partly  by  the  saving  in  soap  in  the 
subsequent  scouring  process,  but  the  greatest  economy  is  said  to  be 
a  saving  in  wool.  It  is  claimed  that  the  net  yield  of  clean  wool  is  far 
in  excess  of  that  obtained  from  the  processes  of  scorning  with  soap. 

WASTE  WATERS  FROM  SCOURING  WOOL. 
CLASSIFICATION. 

The  waste  waters  from  scouring  wool  vary  in  composition  according 
to  the  methods  of  scouring  and  according  to  the  differences  of  prac- 
tice when  the  same  general  methods  of  scouring  are  employed.  The 
wastes  may  be  classified  as  follows:  Steep  water;  sewage  from  scour- 
ing with  soap  and  alkali  after  steeping;  sewage  from  washing  after 
treatment  with  volatile  solvents;  sewage  from  scouring  with  soap  and 
alkali,  and  rinse  water  after  scouring  with  soap  and  alkali. 

STEEP   WATER. 

Treatment, — Steeping  before  scouring  is  practiced  generally  in 
France  and  Belgium  and  to  a  less  extent  in  Germany,  Russia,  and 
England,  but  the  method  is  almost  unknown  in  the  United  States.  As 
its  object  is  the  recovery  of  the  potash  in  the  wool,  the  steep  water  is 
used  repeatedly  imtil  it  becomes  highly  concentrated  before  the  recov- 
ery processes  are  begun.  Although  there  is  considerable  difference 
in  practice  at  individual  works,  the  average  amount  of  liquor  is 
approximately  1,000  gallons  for  5,000  pounds  of  wool  treated.     The 
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steep  water  contains  about  20  per  cent  of  the  weight  of  the  wool 
treated,  or  about  40  per  cent  of  the  impurities  in  the  wool.  The  con- 
stituents are  mainly  potassimn  compounds  of  organic  and  mineral 
acids,  a  small  amount  of  similar  sodiiun  compounds,  sand,  dirt,  and 
organic  matter  of  various  kinds.  The  residue  obtained  by  evaporat- 
ing the  steep  water  amoimts  to  about  120,000  parts  per  million  (1,000 
pounds  per  1,000  gallons).  About  40  per  cent  of  this  amoimt  is 
organic  or  volatile  matter  and  about  60  per  cent  is  mineral  matter. 
The  alkalinity  of  the  liquor  corresponds  to  about  4,000  parts  per 
million  (33  pounds  per  1,000  gallons)  of  potassium  carbonate.  In  the 
recovery  process  the  potassium  compounds  of  organic  acids  are  con- 
verted into  potassium  carbonate,  thus  largely  increasing  the  yield 
of  crude  potash. 

The  process  of  treatment  is  simple.  Usually  the  liquor,  heated  by 
waste  furnace  gases,  is  fed  into  an  evaporator  of  the  Porion  type, 
passing  first  through  an  evaporating  chamber  and,  after  concentra- 
tion has  progressed  to  a  suitable  degree,  passing  into  an  incinerating 
chamber  or  conunon  reverberatory  furnace,  from  which  crude  potash 
is  removed.  The  waste  heat  from  the  incinerating  chamber  accom- 
plishes the  evaporation.  The  Uquor  contains  a  considerable  amount 
of  inflammable  matter  which,  burning  in  the  incinerating  chamber, 
assists  the  evaporation  and  reduces  the  amount  of  coal  required  for  the 
process.  Obviously  the  more  concentrated  the  Uquors  are  the  more 
economically  they  can  be  utiUzed  for  the  production  of  potassium 
salts. 

Results, — Table  1  gives  analyses  of  the  potash  obtained  from  the 
forgoing  process : 

Table  1. — Analyses  of  potash  recovered  from  wool-steep  Ixqaor. 
[Per  cent  of  crude  potash.] 


1. 

2. 

3. 

4. 

5. 

0.1 

Trace. 

1.6 

.5 

Trace. 

62.7 

34.5 

3.8 

3.8 

.9 

6. 

7. 

8lUca(SiO») 

6.2 

6.0 

1.4 

Trace. 

1.7 

.6 

2.0 

49.0 

35.2 

3.8 

4.3 

.9 

Iron  oxide  (Fe^a) 

CiilHmn  (Hft) 



Magneriimi  (Mg) 

1 

Sodiiim  (Na) 

2.0 

48.8 

36.7 

1.7 

2.9 

1.4 

48.5 

31.5 

1.2 

5.9 

1.3 

4a4 

29.7 
1.3 
8.0 

■■■53.'6' 

37.7 

1.5 

3.0 

2 

Pntj^aiii^n  (fc) 

48 

Carbonate  radicle  (COa) 

35 

Sulphate  radicle  (8O4) 

3 

Chlorine  (01) 

3 

Phosphate  radicle  ( PO4) 

Insolable  matter 

4.9 

1.5 
2.8 
1.0 

1.6 

2.8 

.9 

4.2 

5 

Water 

3 

Organic  matter  and  undetermined,  etc 

3.0 

2.5 

2.i 

1 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100 

1.  Analysis  of  potash  from  Doehren  establishment.  Analyst  unknown.  Wagner,  Rudolf  von,  Manual 
of  chemical  technology;  transl.  by  Sir  William  Crookes  from  the  13th  German  ed.  of  Dr.  Ferdinand  Fischer, 
1904,  p.  29& 

2,  3.  Analyses  by  W6rotte,  Vervlers,  1873.    Wagner,  Rudolf  von.  loc.  cit. 

4,  5.  Analyses  by  Marcker  and  Schulz.  Naylor,  W.,  Trades  waste;  its  treatment  and  utilization,  1902, 
p.  83. 

6.  Analysis  by  Maumend  and  Rogelet.    Nay  lor.  W.,  loc.  cit. 

7.  Analysis  of  potash  from  a  plant  using  the  Richard-Lagerie  apparatus.  Analyst  unknown.  Naylor, 
W.,  op.  cit.,  p.  86. 
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The  content  of  potassium  is  nearly  uniform  in  all  the  analyses,  and 
it  is  approximately  50  per  cent  of  the  crude  potash.  In  Table  1  the 
analyses  have  been  calculated  in  ionic  form  for  pmposes  of  com- 
parison. Table  2  contains  a  statement  of  the  soluble  salts  as 
given  by  the  analysts. 

Table  2. — Saline  compontion  of  potash  recovered  from  vcool-sleep  liquor. 
[  Per  cent  of  crude  potash.] 


Potassium  carbonate  (KjCOs) 78.5  68u5'  64.3 

Potassium  sulphate  (KtSO,; 2.7          2.1,  2.5 

Potassium  chloride  (KQ) &7  12.5  1  ia» 

Potassium  silicate  (KsSIO,) 8.5  i  ao 

Sodium  carbonate  (NajCOa) 4.6          3.2  3.1 


8&8 

75 

74-6 

2.8  ■ 

6 

3.2 

6.2  1 

6 

9.5 

8.2 

4 

3.7 

Potash  in  this  crude  form  is  worth  from  3  to  4  cents  a  pound.  It 
may  be  purified  by  extraction  and  crystallization,  treatment  that 
yields  fairly  pure  carbonates,  sulphates,  and  chlorides  of  potassium. 
A  notable  appUcation  of  this  procedure  is  foimd  at  the  establishment 
of  W.  Graff  at  Lesiun,  where  the  pure  salts  were  manufactured  from 
the  crude  potash  from  six  wool-scouring  plants  in  1878.  According 
to  Flekkel,**  simple  extraction  and  calcination  of  crude  potash 
obtained  from  steep  water  gives  a  product  which  is  85  per  cent  pure 
potassium  carbonate  and  is  the  purest  commercial  form  known. 

Co8t8  and  values. — ^A  rough  estimation  of  costs  and  values  in  this 
process  may  not  be  out  of  place.  Xaylor**  quotes  a  statement 
placing  the  coal  consiunption  for  evaporating  and  incinerating  at 
1  pound  for  each  pound  of  crude  potash  produced  when  a  steep 
Uquor  of  specific  gravity  1.072  (10*^  Baum6,  or  14.4°  Twaddell)  is 
treated.  Fischer^  estimates  that  1  pound  of  Westphahan  coal 
(analysis — carbon,  76.11;  hydrogen,  4.52;  sulphur,  1.19;  oxygen  and 
nitrogen,  10.06;  ash,  8.12  per  cent)  is  sufficient  to  evaporate  and  to 
calcine  12  pounds  of  steep  liquor  of  specific  gravity  1.069  (9.6° 
Baum6,  or  13.8°  Twaddell)  and  that  the  product  is  about  0.9  poimd 
of  crude  potash.  According  to  these  estimates,  evaporation  and  cal- 
cination would  require  about  745  pounds  of  coal  per  1,000  gallons  of 
steep  Uquor.  If  the  preliminary  concentration  were  conducted  in  a 
triple-effect  vacuum  avaporator,  the  amount  of  coal  could  probably 
be  reduced  to  425  pounds,  but  such  a  machine  is  economically  adapted 
only  to  the  concentration  of  large  quantities  of  liquor.  The  following 
is  a  rough  estimate  of  costs : 

a  Extraction  of  potash  from  suint  of  Russian  wool:  Bull.  Soc.  chlm.,  2d  ser.,  vol.  34, 1880,  pp.  332-333. 

6  Naylor,  W.,  Trades  waste;  its  treatment  and  utilization.  1902,  p.  85. 

c  Fischer,  F.,  Litlllzation  of  suint  from  wool:  Dlnglers  polytech.  Jour.,  vol.  229,  1879,  pp.  446-449. 
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Yearly  costs  for  treating  100  gallons  an  hour  of  steep  liquor,  ten  hours  a  day,  three  hundred 

days  a  year. 

iDterest,  depreciation,  and  repairs  on  plant,  15  per  cent  on  invest- 
ment of  $5,000 $750 

Labor 750 

Coal,  132  tons,  at  $4  (this  estimate  allows  additional  coal  for  banked 
fires  fourteen  hours  daily) 528 

2,028 

Liberal  allowance  has  been  made  for  all  costs.  Such  a  plant  would 
utilize  the  steep  liquor  from  5,000  pounds  of  wool  daily,  and  plants 
for  treating  larger  quantities  of  liquor  and  running  twenty-four  hours 
a  d&y  could  be  operated  with  much  greater  economy.  On  the 
assumption  that  the  foregoing  process  would  recover  84  per  cent  of 
the  potassium  in  the  wool  as  potassium  carbonate  worth  5  cents  a 
poimd,  and  that  the  remainder  is  valueless,  the  receipts  would 
amount  to  0.075  cent  a  pound  of  wool  for. each  1  per  cent  of  potassium 
found  by  analysis,  or  0.05  cent  a  pound  of  wool  for  each  1  per  cent  of 
recoverable  potassium  carbonate.  A  plant  like  the  one  just  indicated 
would,  therefore,  produce  an  annual  revenue  of  $1,125  for  each  1  per 
cent  of  potassium,  or  $750  for  each  1  per  cent  of  potassiiun  carbonate 
in  the  wool.  In  order  to  pay  costs  as  estimated,  this  plant  would 
necessarily  have  to  operate  on  liquor  from  wool  containing  1.8  per 
cent  of  potassium  or  2.7  per  cent  of  recoverable  potassium  carbonate. 
Each  additional  0.044  per  cent  of  potassium,  or  0.067  per  cent  of 
recoverable  potassium  carbonate,  would  return  a  profit  of  1  per  cent 
on  the  investment  of  $5,000.  With  the  average  wool,  containing 
over  4  per  cent  of  recoverable  potash,  a  substantial  return  on  the 
investment  is  to  be  expected. 

Production  of  ferrocyanide, — Another  method  which  has  been  sug- 
gested for  utilizing  steep  water  is  that  of  evaporating  it  to  dryness 
and  heating  it  in  a  closed  retort  for  the  production  of  potassium  ferro- 
cyanide, or  yellow  prussiate  of  potash.  The  residue  obtained  by 
evaporation  to  dryness  is  an  intimate  mixture  of  potassium  salts 
and  organic  matter,  and  after  the  addition  of  iron  filings  and  nitro- 
genous waste  in  proper  proportions,  it  is  one  of  the  best  mixtures  for 
the  production  of  ferrocyanide.  This  method  was  proposed  by 
Havrez  <*  in  1870,  and  it  was  successfully  tried  on  an  experimental 
scale  at  the  Peltzer  works  in  Verviers.  Although  it  is  improbable 
that  the  method  will  come  into  use  at  wool-scouring  establishments, 
it  indicates  a  market  in  the  chemical  industries  for  a  potash  residue 
which  may  easily  be  obtained  at  such  works.  It  is  stated  that  the 
value  of  the  residue  of  steep  water,  when  used  in  this  way,  is  more 
than  twice  its  ordinary  commercial  value. 

«  Havrex,  P.,  Wagner's  Jahresbuch,  1870,  pp.  210  and  222;  Dlnglcrs  polytoch.  Jour.,  vol.  195,  p.  535. 
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SEWAGE   FROM   SCOUBING   AFTER   STEEPING. 

As  40  per  cent  of  the  impurities  of  the  wool  are  removed  by  steep- 
ing, the  sewage  from  scouring  after  steeping  contains  the  remaining 
60  per  cent  of  the  impurities.  This  waste  differs  from  ordinary  scour- 
ing liquor  chiefly  by  reason  of  the  absence  of  the  potassiimi  compounds 
that  are  in  raw  wool.  It  contains  large  amounts  of  organic  matter, 
wool  fat,  soaps  used  in  scouring,  and  other  substances,  and  its  prac- 
tical purification  can  be  best  effected  by  the  means  adopted  for  ordi- 
nary scouring  liquor  (see  pp.  14-17)  except  those  in  which  the  recovery 
of  potash  is  an  important  element, 

SEWAGE  FROM  WASHING  AFTER  TREATMENT  WITH  VOLATILE  SOLVENTS. 

Sewage  from  washing  wool  after  treatment  with  volatile  solvents 
is  closely  allied  in  character  to  the  steep  water  already  considered.  It 
differs  from  steep  water  in  that  it  contains  a  greater  percentage  of 
the  wool  impurities,  other  than  potash,  and  for  this  reason  it  is  less 
valuable  for  potash  recovery.  On  the  other  hand,  its  greater  con- 
tent of  organic  impurities  should  give  it  a  greater  value  than  steep 
water  in  the  production  of  potassium  ferrocyanide.  The  solids  of 
this  hquor  consist  of  about  40  per  cent  mineral  and  60  per  cent 
organic  matter.  The  yearly  cost  for  potash  recovery  from  it  would 
be  from  $500  to  $800  greater  than  that  given  on  page  11  for  recovery 
from  steep  water  for  the  same  quantity  of  raw  wool,  and  the  quality 
of  crude  potash  would  be  much  inferior,  averaging  probably  not  more 
than  50  per  cent  pure  potassium  carbonate.  As  a  larger  quantity  of 
inferior  potash  would  be  produced,  the  economy  of  the  process  would 
be  considerably  lessened  by  cost  of  marketing  the  product  unless  the 
potash  were  purified  on  the  premises.  Furthermore,  the  greater 
proportion  of  suspended  matter  in  this  Uquor  makes  economic  evapo- 
ration difficult. 

It  would  seem  that  the  dried  residue  after  evaporation  of  such 
liquor  would  make  an  excellent  fertili^r  stock.  Attempts  to  market 
it  in  this  way,  however,  have  been  unsuccessful. 

If  mere  purification  without  recovery  of  potash  is  desired,  this 
liquor  can  be  successfully  treated  by  slow  filtration  through  sand. 
From  65  to  85  per  cent  removal  of  total  organic  matter  and  entire 
removal  of  suspended  matter  was  effected  at  a  rate  of  12,300  gallons 
per  acre  per  day  by  this  method  at  the  Lawrence  sewage  experiment 
station.**    Such  purification  would  cost: 

Annual  cost  of  daily  purification  o/SyOOO  gallons  of  sewage  from  washing  wool  after  treaU 

ment  by  volatile  solvents. 

Interest,  repairs,  and  depreciation,  15  per  cent  on  an  investment  of 

11.500 $225 

Labor,  one-half  of  one  man's  time,  at  $1.50  a  day 225 

450 

a  Thlrty-sUth  Ann.  Kept.  Massachusetts  State  Board  Health,  1904,  pp.  276-277. 
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Whether  this  treatment  would  be  less  expensive  than  potash 
recovery  would  depend  chiefly  on  the  quantity  and  the  potash  con- 
tent of  the  wool  scoured  and  pn  the  amount  of  water  used  in  scouring 

SEWAGE   FROM   RINSING    AFTER   SCOURING. 

If  the  wool  is  rinsed  after  scouring  with  soap  and  alkali  the  result- 
ing waste  water  is  usually  very  dilute  and  contains  no  materials  of 
sufficient  value  to  warrant  their  recovery.  Purification  by  common 
sewage  methods  is  usually  satisfactory.  Experiments  at  Lawrence, 
Mass.,^  indicate  that  if  rinse  water,  which  may  vary  from  5  to  100 
gallons  for  each  poimd  of  wool  scoured,  is  mixed  with  sewage,  it  can 
be  satisfactorily  purified  by  filtration  through  sand  at  high  rates. 
Rates  exceeding  500,000  gallons  per  acre  per  day  were  maintained  in 
some  of  these  experiments. 

SEWAGE    FROM   SCOURING    WITH   SOAP   AND   ALKALI. 

The  sewage  which  results  from  scouring  wool  with  soap  and  alkali 
is  the  "wool-scouring  liquor"  commonly  encountered  in  this  country. 
It  is  an  ill-smelling  liquor  of  brownish  color,  heavily  charged  with 
impurities  in  solution  and  in  suspension.  It  contains  soap,  wool  fats, 
and  potash  in  suflicient  quantities  to  form  a  heavy  emulsion,  and  on 
this  accoimt  the  liquor  is  very  hard  to  filter  in  the  laboratory.  The 
analyses  in  Table  3  show  the  general  composition  of  the  scouring 
liquor  and  some  of  the  variations  in  character  likely  to  be  encoun- 
tered at  different  mills. 

Table  3. — Analyses  of  wool-scouring  liquor. 
[Milligrams  per  liter,  unless  otherwise  stated.] 


Specific  gravity 

Turbidity 

Scum per  cent  by  volume. 

Sediment do . . . 

Total  solids 

VolatUe 

Fixed 

Alkalinity '... 

Fats. 


Oxygen  consumed 

Nitrogen  as  free  ammonia. 
Organic  nitrogen 


1.023 
22,000 


15 

45,090 

24,670 

20,420 

8,000 

14,600 

5,680 

300 

663 


1. 
120, 


116, 
85, 
31, 

50, 
11, 


027 
000 

S 

400  I 
000  I 
400  ' 
000 
000  I 
500 
300 
550 


1.019 

55,000 

Slight. 

20 

68,060 

50,710 

17,350 

3,100 

38,200 

5,700 

164 

796 


20 

14 

70,800 

46,(i00 

24,200 

3,800 

31,620 

5,200 

180 

941 


41,700 
29,800 
11,900 
3,420 
20,200 


1.  Liquor  from  woolen  mill  of  Lymansville  Compmny,  LymansvlUe,  R.  1.,  Novembor  13. 1906. 

2.  Average  of  three  samples,  Lorraine  Manufacturing  Company,  Pawtucket,  R.  I.,  March  13, 1907. 

3.  Average  for  week  ending  March  29, 1907,  Lorraine  Manufacturing  Company,  Pawtucket,  R.  I. 

4.  Average  for  week  ending  May  23,  1907,  Lorraine  Manufacturing  Company,  Pawtucket,  R.  I. 
Analyses  1  to  4  by  O.  II.  Pratt  and  II.  Stabler. 

5.  Crude  suds  from  Field  Head  Mills,  Bradford,  England.  May,  1900.    Analysis  by  F.  W.  Richardson, 
Bradford  public  analyst. 

a  Thirty-second  Ann.  Rept.  Massachusetts  State  Board  Heaith,  1900,  p.  415. 
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PURIFICATION  OF  WOOL-SCOURING  LIQUOR. 
SEWAGE-TREATMENT   METHODS. 

The  methods  of  treatmg  wool-scouring  liquor  in  which  purification 
is  the  sole  object  include  the  common  processes  of  sewage  purifica- 
tion, namely,  sedimentation,  precipitation,  and  filtration. 

The  Massachusetts  state  board  of  health  has  conducted  for  several 
years  experiments  on  the  purification  of  wool-washing  wastes  by 
sewage  methods,  and  a  summary  "  of  five  years'  work  by  that  body 
may  be  given  as  follows: 

1.  A  considerable  amount  of  suspended  matter  can  be  removed  by 
sedimentation.  The  amount  of  organic  matter  deposited  can  not  be 
materially  increased  by  reasonable  amounts  of  common  precipitants 
alone  or  in  combination.  Ferric  chloride  and  lime  or  lime  alone  will 
sometimes  precipitate  considerable  quantities  of  organic  and  fatty 
matter. 

2.  Acids  separate  fats,  but  they  give  an  acid  hquor  that  is  hard 
to  treat. 

3.  Filtration  through  sand  is  inexpedient,  because  the  liquor  does 
not  nitrify  by  itself  and  the  filters  quickly  clog. 

4.  Scouring  hquor  mixed  with  sewage  can  be  purified  and  nitrified 
in  intermittent  sand  filters. 

5.  A  higher  rate  of  filtration  and  less  clogging  of  filters  result  from 
holding  the  mixture  of  scouring  liquor  and  sewage  for  bacterial  action, 
including  putrefaction,  before  filtration. 

6.  Mixtures  of  scouring  hquor  and  sewage  that  can  be  purified  in 
sand  filters  can  not  be  purified  in  contact  filters. 

It  is  evident  from  this  summary  that  a  high  degree  of  purification 
can  not  be  obtained  by  sedimentation,  chemical  precipitation,  or 
filtration  under  reasonable  conditions  of  practice. 

The  results  obtained  by  septic  treatment  of  mixed  sewage  and 
wool-scouring  liquor  for  1900  were  very  good  and  are  indicated  in 
Table  4,  adapted  from  the  report  **  previously  mentioned. 

Tablk  4. — Analyses  of  mixed  sewage  and  wool-scxyuring  liquor  before  and  after  purifi- 
cation. 


[Milligrams  per  liter.] 


Source  of  sample. 


Color. 


Mixture  of  11  parts  sewage  and  1  part  i 

scouring  liquor ' . 

Mixture  altered  at  rate  of  47,600  gallons  per  I 

acre  per  day,  6  days  a  week 

Mixture  passed  through  septic  tank  and  I 

filtered  at  rate  of  40.100  gallons  per  acre  ! 

per  day,  6  days  a  week 


a  Loc.  cit. 


I  Free  am- 
monia. 


36.fi0 


!  Albuml- 
I  noid  am- 
'     monia. 


215 


14.30 
1.68 

1.44 


Nitxogen  I  Nitrogen    Oxygen 
asnl-        asni-    ,     oon- 
trates.    I    trites.       sumed. 


164.0 
28.3 

22.5 


''  Op.  cit.,  p.  416. 
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The  liquor  treated  by  this  method,  however,  is  very  diflferent  from 
the  wool-scouring  liquor  represented  by  the  analyses  in  Table  3. 
The  scouring  liquor  used  in  all  the  Massachusetts  experiments  was 
rather  dilute,  and  the  successful  filtration  experiments  were  made  on 
this  dilute  liquor  still  further  reduced  by  eleven  times  its  volume  of 
sewage.  It  appears  that  even  the  best  results  obtained  in  these 
experiments  show  that  the  method  can  not  be  employed  at  many 
wool-scouring  establishments.  Treatment  of  wool-scouring  liquor 
by  usual  sewage  methods,  therefore,  can  not  be  recommended,  except 
in  cases  where  a  comparatively  small  percentage  of  purification  is  all 
that  is  desired. 

The  conclusion  reached  above  is  corroborated  by  the  results  of 
treatment  by  sedimentation  at  Lymansville,  R.  I.  The  wastes  at  the 
woolen  mill  of  the  Lymansville  Company  are  dye. water,  3,000  to 
4,000  gallons;  piece-scouring  and  rinsing  water,  5,000  to  6,000  gallons ; 
and  wool-scouring  liquor,  5,000  to  6,000  gallons.  Piece-scouring  suds 
and  dye  water,  in  intermittent  flow  during  the  day,  are  collected  in 
two  9,500-gallon  brick  cisterns,  which  are  used  alternately.  At  noon 
and  at  the  end  of  the  day  wool-scouring  liquor  to  which  has  been 
added  slaked  lime  to  the  amount  of  50  pounds  a  day,  or  1  pound  to 
about  300  gallons  of  the  combined  liquors,  is  admitted.  These  cisterns 
serve  primarily  as  receiving  and  mixing  basins,  but  the  mixed  liquors 
are  also  freed  in  them  from  coarse  and  heavy  suspended  matters. 
The  cisterns  are  cleaned  once  in  three  weeks,  when  about  9  cubic 
yards  of  sludge  are  removed.  This  sludge  is  dumped  near  by  until 
excess  of  water  has  drained  off,  and  is  then  carted  away.  It  contains, 
as  shown  by  analysis  of  a  sample  taken  from  the  dump,  total  solids, 
79.7  per  cent  (volatile  solids,  4.5  per  cent;  fixed  solids,  75.2  per  cent); 
fats,  1.4  per  cent;  and  nitrogen,  0.12  per  cent.  It  is  chiefly  sand, 
wholly  unsuitable  for  fertilizing  purposes,  and  it  probably  can  not  be 
utilized  in  any  way. 

The  combined  liquors  are  pumped  from  the  receiving  cisterns  into 
the  first  of  a  series  of  four  reservoirs.  The  sizes  of  these  reservoirs 
and  the  periods  of  storage  afforded  by  them  are  shown  in  Table  5. 

Table  5. — Waste  liquor  reservoirs  at  Lymansville,  R.  I. 


!  v?rNo.      I>i™ension..    I  Capacity.      |^-«« 


'  Feet. 

1 1  45by  OOby  4 

2 35by  18by  4 

3 1  40byl8by4 

4 1  45  by  18  by  4 


Gallons. 
81,000 
18,900 
21,600 
24,300 


145.800 


Days. 
5.4 
1.3 
1.4 
1.6 


9.7 


The  system  is  practically  one  of  sedimentation,  though  the  effluent 
from  reservoir  No.  4  passes  through  a  bank  of  coarse  cinders.  The  first 
of  the  reservoirs  is  cleaned  about  once  in  six  months,  when  25  cubic 
yards  of  scum  and  an  equal  amount  of  sludge  are  removed.    Only  slight 
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accumulations  are  found  in  the  other  reservoirs.  In  a  year,  there- 
fore, 160  cubic  yards  of  material  are  removed  from  the  wastes  in  the 
receiving  cisterns,  100  cubic  yards  in  reservoir  No.  1,  and  about  10 
cubic  yards  in  the  other  reservoirs,  making  a  total  of  270  cubic  yards 
of  material  removed  from  the  wool-scouring  wastes.  The  scum  from 
reservoir  No,  1  contains  24.1  per  cent  total  solids  (15.4  per  cent 
volatile  solids,  8.7  per  cent  fixed  solids),  4.8  per  cent  fat,  and  0.4  per 
cent  nitrogen.  The  sludge  contains  29.5  per  cent  total  solids  (14.1 
per  cent  volatile  solids,  15.4  per  cent  fixed  solids),  4.2  per  cent  fat, 
and  0.5  per  cent  nitrogen.  This  material  undoubtedly  has  some 
manurial  value,  but  the  great  content  of  moisture  (70  to  75  per  cent) 
renders  it  practically  valueless  because  of  cost  of  transportation  or  of 
drying.  Correcting  for  the  moisture  and  assuming  an  average 
weight  of  80  pounds  per  cubic  foot  for  the  270  cubic  yards  of  ma- 
terial, it  appears  that  a  total  removal  of  357,000  pounds  per  annum 
is  accomplished.  This  is  a  maximum  figure.  The  waste  liquors 
contain  about  1,000,000  pounds  of  solid  matters.  A  purification  of 
upward  of  36  per  cent  is  therefore  eflFected.  It  should  be  noted, 
however,  that  by  far  the  greater  part  (about  75  per  cent)  of  this 
purification  takes  place  in  the  receiving  basins.  In  Table  6  analyses 
of  the  various  waste  liquors  at  Lymansville  are  presented,  together 
with  analyses  of  the  combined  liquors  at  different  stages  in  the  sedi- 
mentation system. 

Table  6. — Analyses  of  waste  waters  at  Lymansville^  R.  J.o 
[Milligrams  per  liter,  unless  otherwise  stated.] 


Source  of  sample. 


D  ye  water 

Piece-scouring  suds 

Wool-acourlng  liquor 

Inflow  reservoir  No.  1 

Effluent  reservoir  No.  1 

Effluent  reservoir  No.  2 

Effluent  reservoir  No.  3 

Effluent  reservoir  No.  4 

Final  effluent 


Turbid- 
ity. 

Color. 

Sedi- 
ment, 

Organic 
nitrogen. 

Nitrogen 

as  free 

ammonia. 

Oxygen 

con- 
sumed. 

Percent. 

400 

Black... 

{^\ 

7 

43 

354 

1,200 

Slate.... 

h) 

09 

1 

560 

22,000 

Brown.. 

15 

663 

300 

5.680 

10,300 

...do.... 

7.2 

215 

183 

1,700 

9,700 

...do.... 

3.0 

194 

160 

1,600 

9,700 

...do.... 

2.2 

194 

143 

1,700 

8,000 

...do.... 

2.1 

188 

145 

1,680 

8.500 

...do.... 

1.3 

184 

134 

1,680 

9,700 

...do.... 

1.0 

190 

133 

1,700 

Source  of  SEunple. 


Dye  water 

Piet'o-scovirinR  suds 

Wool-scourluK  lif|uor 

Inflow  reservoir  No.  1 . . . 
Effluent  reservoir  No.  1 . 
P'ffliK'nt  reservoir  No.  2. 
Effluent  re-ser\'olr  No.  3. 
Effluent  re^servolr  No.  4. 
Final  effluent 


Chlorine. 


5 
100 
1,100 
400 
400 
400 
400 
400 
400 


AlkaUnlty. 


114 
1,990 
8,000 
3,560 
3.250 
3.750 
3,750 
3.750 
3,750 


Fats. 


14 
000 

14.600 
5,940 
5,430 
4,950 
4,380 
5,070 
4,850 


Total  solids. 


Total. 


790 
4,610 
45,090 
19,600 
16.530 
10,010 
15.520 
15.730 
15,900 


Loss  on  ig- 
nition. 


690 
2,140 
24,670 
12,500 
9,400 
9,140 
8,640 
8,760 
8,960 


Solids  in  solution. 


TotaL 


790 
3,060 
31,120 
11,060 
11,770 
11,610 
11,240 
11,500 
11,360 


Lo6s  on  ig- 
nition. 


600 
1,510 
13,080 
4,670 
5,000 
5,050 
4,670 
4,020 
4,680 


a  Analyses  by  O.  H.  Pratt  and  H.  Stabler. 


6  Considerable. 


cHMvy. 
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The  Triiyjng  of  the  wool-scouring  liquor  with  the  other  waste 
waters  assists  materially  in  the  precipitation  of  soUds;  but  the  reduc- 
tion in  impurities,  even  under  these  favorable  conditions,  is  com- 
paratively small.  It  appears  from  the  figures  presented  in  Table  6 
that  the  entire  system  of  reservoirs,  considered  aside  from  the  receiv- 
ing basins,  with  nearly  ten  days'  storage  accompUshes  a  reduction 
of  only  6  per  cent  in  turbidity,  86  per  cent  in  sediment,  19  per  cent 
in  total  solids,  28  per  cent  in  loss  on  ignition,  2  per  cent  in  fixed  sohds, 
12  per  cent  in  organic  nitrogen,  27  per  cent  in  free  ammonia,  18  per 
cent  in  fats,  and  practically  nothing  in  oxygen  consumed  or  soUds 
after  filtration.  In  the  first  reservoir  alone  there  is  a  reduction  of 
6  per  cent  in  turbidity,  58  per  cent  in  sediment,  16  per  cent  in  total 
solids,  25  per  cent  in  loss  on  ignition,  nothing  in  fixed  sohds,  10  per 
cent  in  organic  nitrogen,  8  per  cent  in  free  ammonia,  and  9  per  cent 
in  fats.  There  appears  to  be  Uttle  gain  in  prolonging  the  period  of 
sedimentation  beyond  five  days.  It  is  even  probable  that  a  carefully 
constructed  sedimentation  basin  with  a  twenty-four  to  forty-eight- 
hour  period  would  accomphsh  as  much  purification  as  the  entire 
system  of  reservoirs  in  use  at  Lymansville,  for  it  should  be  under- 
stood that  these  reservoirs  are  mere  excavations  in  the  earth  and 
that  no  precautions  were  taken  in  their  construction  to  produce  an 
even  flow  throughout  their  cross  sections.  It  is  probable  that  the 
liquor  moves  through  them  in  a  comparatively  narrow  current  and 
hence  is  subjected  to  a  much  shorter  period  of  sedimentation  than 
their  capacities  indicate. 

PURIFK^ATION    BY    RECOVERY. 

The  methods  of  purification  which  involve  the  recovery  of  valuable 
products  are  more  successful  in  reducing  the  impurities  of  wool- 
scouring  Uquors  than  the  methods  appUed  for  the  sake  of  purification 
only.  The  valuable  substances  which  have  been  recovered  on  a 
practical  scale  are  fats  arid  potash,  both  of  which  are  found  in  large 
amounts  in  the  fleece  and  both  of  which  are  added  in  the  scouring 
process.  The  most  prominent  of  the  methods  that  have  been  used 
successfully  will  be  described. 

Omcking  process. — ^The  earUest  and  at  present  the  most  usual 
method  of  recoveiy  treatment  for  wool-scouring  liquor  is  known  as 
the  "cracking  process.''  In  the  routine  of  this  process,  the  liquor  is 
first  allowed  to  settle  for  a  short  period  to  remove  the  greater  portion 
of  insoluble  mineral  matter.  It  is  then  drawTi  into  wooden  or  lead- 
lined  tanks  and  treated  with  sulphuric  acid.  Acid  is  added  until  a 
breaking  up  of  the  Uquor  or  "cracking"  is  noticed.  At  this  point 
the  Uquor  has  a  decidedly  acid  reaction.  The  result  of  the  addition 
of  acid  is  that  the  fatty  compounds  are  broken  up  with  the  formation 
2491— IBR  235—09 2 
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of  free  fats.  The  separation  of  the  fats  from  the  mother  liquor  is, 
however,  somewhat  diflScult.  Usually,  after  one  or  two  days  sedi- 
mentation, a  considerable  portion  of  the  fatty  matter  collects  on 
the  surface  and  a  nearly  equal  amount  at  the  bottom  of  each  tank, 
while  the  middle  portion  is  comparatively  clear  and  free  from  sus- 
pended matter.  This  middle  portion  is  drawn  off  and  run  to  waste, 
while  the  fatty  matters  at  top  and  bottom  are  removed  to  sludge 
filters  covered  with  sawdust,  in  order  that  surplus  moisture  may 
drain  off. 

The  material  usually  placed  on  th^se  filters  amoimts  to  about 
one-third  of  the  total  volume  of  the  wool-scouring  liquor.  The 
sludge,  after  draining  about  four  days  on  the  filters,  is  collected  in 
cloths  and  is  made  into  thin  cakes.  These  cakes  are  placed  in  pressies 
heated  by  steam,  which  melts  the  fats  so  that  the  resulting  oil  can 
be  removed  by  pressure.  The  mixed  water  and  oil  which  flows  from 
the  presses  is  collected  in  cisterns  and  separated  by  sedimentation. 
The  oil  is  subjected  to  purification  by  being  boiled  with  a  little  acid, 
after  which  it  is  allowed  to  settle  and  cool  in  order  that  any  remaining 
traces  of  water,  acid,  and  other  impurities  may  be  run  off.  The  oil, 
when  cool,  soUdifies,  and  it  is  sold  under  the  name  of  *Me  gras,"  or 
Yorkshire  grease.  It  is  worth  from  li  to  3  cents  a  pound.  A  large 
proportion  of  the  mineral  and  oiganic  impurities  of  the  wool-scouring 
liquor  remains  in  the  presses  in  the  form  of  hard-pressed  cakes, 
which  are  removed  and  generally  thrown  away  as  a  waste  product. 
Some  establishments  have  extracted  these  cakes  with  volatile  solvents 
in  order  to  obtain  a  greater  yield  of  fats,  but  such  procedure  has 
not  generally  been  financially  successfid  because  of  loss  of  solvent. 
In  Europe  they  have  been  used  to  some  extent  as  a  fertilizer  base, 
but  their  value  for  this  purpose  is  at  least  subject  to  doubt. 

Detailed  examinations  were  made  at  the  de  gras  plant  of  the  Lor- 
raine Manufacturing  Company,  Pawtucket,  R.  I.  At  this  establish- 
ment preliminary  sedimentation  of  the  Uquor  is  omitted,  and,  in 
consequence,  an  usually  large  proportion  of  suspended  mineral  matter 
is  carried  through  the  entire  process.  Three  sets  of  samples  were 
collected.  The  scouring  liquor  of  these  sets  is  represented  by  analy- 
ses 2,  3,  and  4  of  Table  3.  Analyses  of  the  waste  waters  from  the 
acid-treating  tanks,  of  waste  waters  from  the  separating  cistern 
which  receives  mixed  water  and  oil  from  the  presses,  and  of  waste 
waters  from  the  purification  of  the  oil  by  boiling  with  acid,  are  listed 
in  Table  7.  Several  samples  of  the  press  cake  were  found  to  contain 
fats  amoimting  to  25.2  per  cent,  26.3  per  cent,  16.7  per  cent,  and 
22.7  per  cent  of  the  weight  of  the  dried  cake. 
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Table  7. — Analyses  of  waste  waters  from  the  de  graa  plant  of  the  Lorraine  Manvfaetwring 
Company  at  Pawtucket,  R,  J.a 

(Milligrams  per  liter,  unless  otherwise  stated.] 


Dale,  1907 

TurbkUty 

Sediment 

OiygHi  consumed 

XitiDjcen  as  free  ammonia. 

OrEanic  nitroeen 

AcUily  as  CaCOs 

Fits , 

Total  solids , 

Lo»  on  ignition 

Fixed  soUds 

ShilnicagB  of  wool  scoured, 


Treatlng-tank  effluent. 


Mar.  13. 


1,500 

1.2  p  e  r 

cent. 

1,800 

330 

200 

1,600 

1,3C0 

19,600 

6,900 

12,700 

High. 


Mar.  22-29. 


8.000 
Heavy. 

2,160 

230 

258 

2,200 

4,420 

21,010 

9,960 

11,060 

42  percent. 


May  17-23. 


3.5    per 

cent. 

2,800 

280 

346 

3,000 

7,000 

27,670 

13,310 

14,360 

48  percent. 


Water  from  sepa- 
rating cistern.    . 


Mar.  29. 


4,000 
Consid- 
erable. 
1,600 
80 
402 
500 
2,352 
10,570 
7,970 
2,600 


Mar.  14.    Mar.  14. 


Water 
from 
grease 
purifi- 
cation. 


4,500 
Consid- 
erable. 
1,320 
80 
238 
400 
2,275 
10,150 
6,200 
3,950 


160 
Consid- 
erable. 
1,025 
98 
150 
34,000 
600 


I 


aAnalyses  by  G.  H.  Pratt  and  H.  Stabler. 

Table  8  gives  in  detail  the  manner  in  which  the  scouring  Uquor  at 
the  Lorraine  mill  is  treated,  together  with  estimates  of  relative  vol- 
umes at  different  steps  based  on  1,000  gallons  of  scouring  liquor. 
The  probable  composition  of  the  various  materials  is  also  estimated. 

Ta3le  8. — Disposal  of  wool-scouring  liquor  at  the  de  gras  plant  of  Lorraine  mill^ 

Pawtuckety  R.  I. 


Totals 
ma 

ChUU. 

1,000 

5.2 

620 
225 

mount  of 
terial. 

Water. 

Composition. 

Source. 

Total 
solids. 

Volatile 
solids. 

Fixed 
solids. 

Fats. 

Sooarinf  liauor 

Pounds. 

8,520 

77 

5,290 
2,174 
1,093 
1,405 

60 

183 

2.>5 

8,929. 

OaUs. 
948 
1.5 

619 
254 
80 
167 

7 

;j 

1,047 

Pounds. 

7,941 

13 

5,164 

2,122 

668 

1,391 

60 
Trace. 

27 
8,737 

Pounds. 
bl9 

Pounds. 
406 

Pounds. 
173 

Pounds. 

291 

Add  used  

Uquor  from  acid-treating 
tanks 

126 
52 

425 
14 

Trace. 
183 

228 
192 

60 

25 

321 

10 

66 
27 
104 

4 

30 

Filter  effluent      

12 

Material  pressed 

249 

Uquor  from  cisterns 

Uquor  from  purification 
OlgTMSe 

167 
7 

3 
Trace. 

Grease  recovered 

183 
128 
95 

Trace. 

101 
97 

183 

Press  cake 

63 

Total  Uquld  effluent 

1,M» 

45 

Comparison  of  the  raw  liquor  and  the  total  liquid  effluent  indicates 
a  reduction  of  66.7  per  cent  in  total  solids,  76.6  per  cent  in  volatile 
solids,  46  per  cent  in  fixed  solids,  and  84.5  per  cent  in  fats.  This  is 
a  much  better  purification  than  has  been  obtained  by  the  usual  sewage 
treatment  methods. 
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Table  9  gives  a  comparison  of  the  results  obtained  at  the  Lorraine 
mill  and  at  several  English  establishments,  as  calculat'ed  from  analy- 
ses of  the  raw  liquor  and  of  the  effluent  from  the  acid-treating  tanks: 

Table  9. — Per  cent  of  solids  and  arease  rejnxyoed  from  or  added  to  wool-scouring  liquor 

oy  cracking  process. 


Factory. 

Total 
solids. 

-66 
+39 

-  3 

-  8 
+10 

Volatile 
solids. 

-78 
+  9 
-26 
-13 
-11 

Fixed 
solids. 

Grease. 

Greenwood  &  Hanson 

-  43 
+125 
+  80 
+  13 
+125 

—82 

Broadbent 

—20 

Schofield 

—83 

MlUor^ 

—50 

Shaw 

—32 

Average 

-  6 

-24 

+  60 

53 

Lorraine.  March  22-29       

-69 
-61 

-80 
-71 

-  36 

-  41 

—88 

Lorraine,  May  17-23 

—78 

Note. — Plus  signs  indicate  materitU  added  to  the  liquors;  minus  signs  indicate  material  removed  from 
the  liquors. 

The  data  for  the  English  establishments  are  quoted  from  Naylor* 
as  representing  the  ''rule  of  thumb''  treatment  of  the  early  days  of 
the  process.  The  comparison  is  favorable  to  the  operations  at  the 
Lorraine  mill. 

Tumer-Akeroyd  process, — ^A  modification  of  the  cracking  process 
has  been  patented  in  England  by  Turner  and  Akeroyd.  The  usual 
procedure  is  most  successfully  applied  to  a  highly  concentrated  liquor. 
The  Tumer-Akeroyd  modification,  on  the  contrary,  is  applied  most 
successfully  to  dilute  liquors,  and  can,  therefore,  be  used  for  the  treat- 
ment of  piece-scouring  suds  or  other  comparatively  dilute  soapy  waste 
waters.  The  process  is  intended  to  effect  a  more  complete  separation 
of  fats  than  can  be  accomplished  in  the  ordinary  method  of  treatment. 
The  scouring  liquor  is  collected  in  a  precipitation  tank,  where  it  is 
diluted  to  such  specific  gravity  that  the  fats  which  have  separated  on 
the  addition  of  acid  can  all  readily  sink  to  the  bottom,  leaving  a  clear 
supernatant  liquor.  The  liquor  is  agitated  for  several  hours  by  blow- 
ing air  through  distributors  in  the  bottom  of  the  tank.  Acid  is  then 
added,  and  if  this  alone  will  not  produce  the  desired  separation  of 
fats,  a  small  amount  of  fine  earth  is  introduced  in  order  to  give  weight 
to  the  precipitate  and  carry  it  to  the  bottom.  The  treatment  of 
sludge  follows  the  methods  of  the  ordinary  cracking  process.  The 
system  includes  filtration  of  the  liquor  from  the  acid-treating  tank 
through  gravel  overlain  with  a  few  inches  of  ashes  and  topped  with  a 
sprinkling  of  sawdust.  Grease  gathers  on  the  surface  of  the  filter  and 
is  collected  from  time  to  time  and  pressed  for  the  recovery  of  fats. 

The  following  table  shows  the  character  of  the  liquors  in  a  Tumer- 
Akeroyd  plant  at  Pittsfield,  Mass.: 

nXaylor,  W.,  Trades  waste;  its  treatment  and  utilization,  1902,  p.  75  (quoted  from  Third  Rept.  RiTSfS 
Pollution  Commissioners,  vol.  1,  p.  32.) 
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Table  10. — Analyses  of  waste  liquors  from  Tumer-Akeroyd  plant  at  Pontusac  mUly 

Pittsfield,  Mass.O' 


[Milligrams  per  Uter.j 


Liquor 
I  from  acld- 


Turbidlty 

Oxygen  consumed 

Kitr^en  as  free  ammonia. . 

Organic  Dltroi:en 

AlkaUnity  as  CaCO, 

Sulphate  radicle  (SO4) 

Inm(Fe) 

Ftts. 

Total  solids.-.., 

Volatile  soUds.! 

Fixed  solids 


•| 


M.vurui{(  U4uur. 

treating 
tank. 

4,500 

370 

410 

89 

2.6 

5.5 

47.6 

9.1 

980 

6425 

Small  amount. 

1,970 

Trace. 

5 

2,140 

175 

4,740 
3,200 

1,540 

FUter 
effluent. 


50 

64 

5.6 

6.1 

M70 

1,660 

2.5 

38 

2,460 

100 

2,360 


o Analyses  by  G.  H.  Pratt  and  H.  Stabler. 


«•  Acidity. 


The  analyses  indicate  more  thorougli  purification  than  is  obtained 
by  the  other  methods  of  treatment  that  have  been  discussed.  A 
sample  of  press  cake  from  this  plant  contained  2.6  per  cent  moisture, 
78.4  per  cent  volatile  solids,  19.0  per  cent  fixed  solids,  22.4  per  cent 
fats,  and  3.8  per  cent  nitrogen.  Effluent  liquors  from  the  ordinary 
cracking  or  the  Turner- Akeroyd  process  can  be  further  purified  by 
neutralization  with  lime  and  subsequent  filtration.  This  procedure 
is  followed  in  many  European  plants  where  a  high  degree  of  purifica- 
tion is  essential. 

Battage  process. — The  battage  process  of  grease  recovery  is  fol- 
lowed successfully  in  France.  The  scouring  suds  are  conveyed  into 
a  narrow  tank  divided  into  numerous  compartments  and  provided 
with  agitators  which  beat  up  the  liquor,  raising  froth  which  carries 
the  fats  to  the  surface.  The  greasy  lather  thus  produced  is  removed 
by  means  of  scrapers.  Various  modifications  of  this  process  pro- 
vide for  agitation  by  means  of  beaters,  compressed  air,  superheated 
steam,  and  other  agencies,  the  object  of  all  being  to  produce  a  froth 
which  can  readily  be  removed  by  skinmiing.  The  grease  removed  in 
this  way  is  then  recovered  by  treatment  with  acid  and  by  pressing, 
as  in  the  cracking  process.  Several  quaHties  of  grease  may  be 
obtained.  The  lather  produced  in  the  first  compartments  is  light 
colored,  and  it  yields  a  grease  of  much  better  quality  than  that  which 
is  obtained  from  the  lather  skimmed  from  the  last  compartments  of 
the  apparatus. 

Smithr-Leach  process, — Another  process  results  in  the  recovery  of 
fats  by  means  directly  opposed  to  those  employed  in  the  Tumer- 
Akeroyd  patent.  The  first  procedure  is  concentration  instead  of 
dilution,  and  the  scouring  liquor  is  thus  reduced  to  one-tenth  or  a 
less  proportion  of  its  original  volume.  It  then  has  specific  gravity 
of  about  1.15  (20''  Baum6,  or  30*"  Twaddell).  At  this  concentration 
the  Uquor  has  a  sirupy  consistency,  and  on  sedimentation  and  cooling 
the  grease  collects  at  the  top  and  is  removed  by  skimming.  In  the 
Smith-Leach  modification  of  this  process  the  separation  of  the  grease 
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from  the  concentrated  liquor  is  accomplished  by  means  of  a  cen- 
trifugal machine  similar  to  the  ordinary  cream  separator.  The 
grease  so  obtained  is  nearly  pure  wool  fat  (60  to  70  per  cent  of  the 
entire  grease),  which  conmiands  a  price  twice  as  great  as  that  of 
the  grease  recovered  by  the  cracking  process. 

Potash  recovery  alone  has  not  been  appUed  to  ordinary  wool- 
scouring  hquor,  but  it  has  been  used  in  connection  with  grease 
recovery.  When  the  hquor  is  treated  with  acid,  the  value  of  the 
potash  product  is  greatly  reduced,  because  the  potassium  is  changed 
from  the  carbonate  to  the  sulphate.  The  electrolytic  regeneration 
of  the  acid  with  coincident  production  of  caustic  potash  has  been 
suggested  for  the  acid  hquors,  but  so  far  as  known  it  has  not  been 
successful  on  a  practical  scale  because  of  the  high  cost  of  the  electric 
current  required.  The  hquor  resulting  from  washing  wool  after 
degreasing  with  volatile  solvents  and  the  waste  hquor  from  the  battage 
grease  recovery  can  be  utiUzed  for  potash  recovery  as  in  the  case  of 
steep  liquor.  Where  concentration  is  used  for  grease  recovery,  the 
utiUzation  of  the  concentrated  waste  for  potash  recovery  is  a  very 
simple  matter,  for  a  httle  additional  concentration,  followed  by 
calcination  in  a  reverberatory  furnace  or  in  the  ordinary  rotary 
incinerator  used  for  soda  recovery  in  soda  pulp  mills  produces  a  crude 
potash  which  has  a  substantial  commercial  value.  Extraction  of 
this  crude  product  followed  by  concentration  and  calcination  of  the 
resulting  liqtior  produces  a  high  grade  of  potash. 

Such  treatment  is  a  part  of  the  patented  Smith-Leach  process, 
which  is  the  highest  development  of  utihzation  of  wool-scouring 
hquor  that  has  been  put  into  practice.  A  plant  using  this  complete 
process  has  been  in  practical  operation  for  several  years  at  the  Field 
Head  miUs,  Bradford,  England. 

The  scouring  liquor  flows  through  settling  tanks  to  remove  the 
greater  part  of  the  sand  and  mud.  From  the  tanks  the  hquor  passes 
to  a  quadruple-effect  Yaryan  evaporator,  which  reduces  it  to  one- 
tenth  or  one-fifteenth  of  its  original  volume.  The  condensed  vapor 
from  this  machine  provides  distilled  water  of  excellent  quality  for 
scouring  purposes.  After  the  concentrated  liquor  has  been  heated 
nearly  to  the  boiling  point,  it  is  passed  through  a  centrifugal  sepa- 
rator, which  separates  it  into  an  outer  layer  of  sand  and  mud,  a 
middle  layer  of  soapy  hquid  containing  all  the  potash,  and  an  inner 
layer  consisting  almost  entirely  of  wool  grease.  The  sand  and  mud 
adhere  to  the  separator  and  are  removed  from  time  to  time  by  hand. 
The  potash  liquor  and  the  wool  grease  are  caught  up  separately  and 
conveyed  to  separate  receptacles.  The  wool  grease  is  purified  by 
warming  it  with  water  and  allowing  it  to  separate  again  by  cooling. 
The  potash  liquor,  which  contains  a  large  amount  of  fat  combined  as 
soap,  is  further  concentrated  to  about  one-fourth  its  volume,  and  it 

'hen  passed  through  a  revolving  cylindrical  incinerator  in  which 

Digitized  by  VjOOQIC 


WOOL  SCOURING. 


23 


the  remaining  water  is  evaporated  and  the  organic  matter  is  burned, 
leaving  crude  potassium  carbonate.  In  this  manner  the  scouring 
liquor  is  entirely  disposed  of  and  the  following  products  are  derived 
from  it:  Distilled  water,  wool  grease,  crude  potassium  carbonate, 
and  sand  and  mud. 

The  distilled  water  is  not  perfectly  pure,  but  contains  small  amoimts 
of  ammonia  and  grease,  which  have  passed  over  during  evaporation. 
The  patentees  claim  that  15  to  30  per  cent  less  soap  is  required  in 
scouring  when  this  distilled  water  is  used.  Moreover,  the  recovered 
water  is  at  the  temperature  required  for  wool  scouring.  The  wool 
grease  is  free  from  mineral  and  fatty  acids,  and  it  can  be  used  with- 
out further  purification  as  a  lubricant  or  for  any  of  the  purposes  for 
which  Yorkshire  grease  finds  a  market.  The  potash  salt  contains 
from  50  to  70  per  cent  of  pure  potassium  carbonate  and  it  can  be  used 
in  its  crude  state  for  wool  scouring,  or  it  can  be  sold  for  purification. 
The  sand  and  mud  removed  by  the  separator  are  without  market 
value.  The  advantages  of  the  process  are  the  entire  destruction  of 
the  scouring  liquor;  the  treatment  of  the  suds  in  a  fresh  state,  so 
that  the  whole  process  can  be  carried  on  without  the  production  of 
the  noxious  odors  so  common  in  the  ordinary  cracking  process;  the 
comparatively  small  space  oQcupied  by  the  whole  apparatus,  and 
the  profit  which  can  be  realized  from  the  recovered  products.  The 
prominent  disadvantages  are  the  cost  of  installation  for  the  evapo- 
rator and  the  coal  consumption  necessary  for  the  vaporization  of  the 
water  which  the  liquor  contains.  Table  11  shows  the  composition 
and  the  amounts  of  liquor  at  different  steps  in  the  Smith-Leach  pro- 
cess as  conducted  at  Field  Head  mills.  The  figures  are  computed 
from  analyses  by  F.  W.  Richardson,  and  1,000  gallons  of  liquor  are 
used  as  a  basis. 
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The  results  of  one  week's  operation  of  the  plant  at  the  Field  Head 
mills  are  given  in  the  following  balance  sheet.  This  record  is  adapted 
from  the  unpublished  report  of  H.  McLean  Wilson,  chief  insi>ector  of 
the  West  Riding  rivers  board,  under  whose  direction  the  test  of  the  plant 
was  made.  During  the  week  of  the  test  half  of  the  wool  washed  was 
scoured  wool.  Consequently  the  waste  liquor  was  very  dilute  and  it 
forms  an  extremely  conservative  basis  for  estimates.  Furthermore, 
the  plant  has  double  the  capacity  required  for  the  amount  of  liquor 
treated  and  the  fixed  charges  are  therefore  relatively  high.  The 
scouring  liquor  had  presumably  about  the  following  composition  in 
parts  per  million:  Total  solids  18,400  (volatile  solids  13  100,  fixed 
sohds  5,300),  fatty  matters  8,900. 

Balance  sheet  of  Smith-Leach  plant  of  Field  Head  milU^  England^  during  week's  test. 

Cost  of  plant $21,900 

Amount  of  wool  scoured pounds. .     65, 256 

Amount  of  scouring  liquor gallons. .     66. 000 

VALUE    OP   PHODUCTS. 

3,300  pounds  of  wool  fat $146. 00 

2,830  pounds  of  crude  potash 93.  98 

53, 100  gallons  of  distilled  water 6.  69 

Soap  saved  by  using  above  water — one-seventh  total  poap  used 10,  22 

256.89 

COST   OF   OPERATION. 

(>)al,  19  tons  (41,780  pounds) 50.54 

Labor,  3  men 16.  60 

Interest  and  depreciation,  10  per  cent 42. 10 

109. 24 

Profit 147.65 

Profit  per  annum 7,677.  80 

Per  cent  of  profit 35 

The  foregoing  profits  could  not  be  realized  in  this  country,  owing 
to  the  greater  cost  of  labor  and  the  higher  price  of  coal  in  the  textile 
centers  of  the  United  States.  The  figures  are  of  interest,  however, 
for  they  show  what  has  actually  been  done  on  a  practical  scale  imder 
adverse  working  conditions. 

ECONOMY   OF   TREATMENT. 

Reports  of  plants  in  operation  in  the  United  States  indicate  that 
the  cracking  and  Turner-Akeroyd  processes  result  in  the  recovery  of 
sufficient  grease  to  pay  all  costs  of  operation.  In  general,  with  the 
market  value  of  recovered  grease  less  than  2  cents  a  pound,  the 
operations  are  conducted  at  a  loss,  but  with  higher  values  a  profit  is 
obtainable.  The  market  value  ranges  from  1 J  cents  to  3  J  cents,  with 
a  probable  average  of  2  cents  a  pound,  so  that  little,  if  any,  profit  is 
to  be  expected  from  these  processes  under  American  conditions  of 
practice. 
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A  plant  equipped  for  the  Smith-Leach  process  and  capable  of  util- 
izing 500  gallons  of  wool-scouring  liquor  an  hour,  ten  hours  a  day, 
three  hundred  days  a  yetir,  would  cost  approximately  $13,000.  The 
fixed  charges  of  operation  (interest,  depreciation,  and  repairs)  may 
be  safely  estimated  at  1 1  per  cent  of  the  cost,  or  $1 ,430  a  year.  The 
cost  of  labor  (3  men)  would  not  exceed  $1,650  a  year.  Fuel,  300  tons 
of  coal  at  $4.50,  allowing  10  per  cent  for  banked  fires  fourteen  hours 
daily,  would  amount  to  $1,350  a  year  if  a  triple-effect  vacuum 
evaporator  is  used.  If  $200  a  year  is  allowed  for  incidentals,  the 
total  cost  of  operation  would  amount  to  $4,630.  In  order  to  make 
the  estimate  more  conservative,  the  costs  may  be  placed  at  $5,000  a 
year,  or  $1  for  each  gallon  of  the  daily  capacity  of  the  plant.  In 
return  for  this  expenditure,  wool  fat  valued  at  4i  cents  a  pound  and 
crude  potash  worth  5  cents  per  pound  of  potassium  carbonate  content 
would  be  recovered. 

The  recoverable  wool  fat  may  be  safely  assumed  to  be  60  per  cent 
of  the  fats  indicated  by  analysis  of  the  liquor.  Numerous  tests  on 
the  ash  of  scouring  liquors  indicate  that  the  recoverable  potash  is 
equal  to  or  greater  than  the  potassium  carbonate  equivalent  of  the 
alkalinity  of  the  liquor,  and  this  equivalent  may  therefore  be  taken 
as  a  conservative  estimate  of  the  recoverable  potash.  The  follow- 
ing estimate  of  costs,  values,  and  profits,  based  on  the  forepjoing  facts 
and  assumptions,  has  been  made  for  treatment  of  the  liquors  repre- 
sented by  the  analyses  in  Table  3  (p.  13).  The  numbers  for  the  col- 
umn headings  have  the  same  significance  in  both  tables. 

Table  12. — EsiimaU  o/costSy  values,  and  profits /or  application  of  Smith- Leach  process 
to  various  wool-scounng  liquors. 


1. 

2. 

3. 

-  !>. 

Average 
(omitting 

2). 

Value  of  woolfat 

$4,920 
6,920 

119,920 
6,920 

$12,890 
2,ti80 

$10,080  ;  $6.H20 
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12,670 
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0,840 
53 

21,840 
168 

10, 570 
81 

8,980       4.280 
69             33 

7,670 

Per  cent  profit  on  io vestment  of  $13,000 

59 

Column  2  in  Table  12  is  calculated  from  an  abnormal  analysis,  and 
estimates  based  on  it  were  therefore  omitted  from  the  average. 
Column  5,  representing  the  liquor  treated  at  the  Field  Head  mills  in 
England,  gives  lower  values  than  any  other.  The  results  previously 
given  for  a  week's  test  at  those  mills  indicate  a  31  per  cent  profit 
from  grease  and  potash  under  the  working  conditions — comparatively 
low  labor  costs  and  unnecessarily  high  cost  of  plant.  The  check 
obtained  by  this  figure  is  an  excellent  one.  It  should  be  noted  that 
in  the  test  at  the  Field  Head  mills  an  additional  4  per  cent  profit  is 
derived  from  the  distilled  water  obtained  and  the  soap  saved  through 
its  use.  This  is  an  additional  advantage  of  the  process  that  is  by  no 
means  negligible,  although  it  has  been  omitted  from  Table  12  in  order 
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that  the  estimates  may  be  more  conservative.  If,  as  has  been 
proved  by  several  years'  operation,  the  dilute  Hquors  at  the  Field 
Head  mills  can  be  made  to  yield  a  profit,  it  is  to  be  expecte<l  that  the 
more  concentrated  liquors  examined  in  the  United  States  would  give 
even  better  results.  The  average  of  59  per  cent  profit,  or  $7,670  a 
year  on  an  investment  of  $13,000,  leaves  a  wide  margin  for  market- 
ing recovered  products,  and  this  is  believed  to  be  a  conservative 
estimate.  Larger  plants  could  be  operated  even  more  economically, 
but  smaller  ones  would  necessarily  be  placed  at  a  disadvantage 
because  of  relatively  higher  costs  of  maintenance.  The  effect  of  dif- 
ferent concentrations  of  fat  and  potash  in  the  liquors  is  shown  in 
Table  12.  Expressed  in  unit  values,  385  parts  per  million  of  fat  or 
150  parts  per  million  of  alkalinity  make  a  difference  of  1  per  cent  in 
the  estimated  profits.  The  character  of  the  wool  scoured,  and  more 
especially  the  amount  of  water  used  in  scouring  it,  influence  the 
economy  of  treatment. 

SUMMARY. 

1.  Wool  is  impregnated  with  many  impurities  which  must  be 
removed  before  it  can  be  used  in  the  manufacture  of  textiles. 

2.  The  common  methods  of  cleansing  wool  are:  (a)  Scouring  with 
soap,  alkah,  and  water;  (6)  steeping  and  scouring;  and  (c)  scouring 
with  volatile  solvents.  Such  treatment  produces  great  quantities  of 
foul  liquors  containing  valuable  substances,  which  can  usually  be 
recovered  profitably  with  coincident  purification  of  the  liquors. 

3.  The  scouring  liquor  most  frequently  encountered  in  the  United 
States  is  the  waste  suds  from  scouring  with  soap,  alkali,  and  water. 
Purification  of  this  liquor  by  the  usual  methods  of  sewage  treatment 
is  difficult  at  best  and  usually  impracticable.  'Purification  combined 
with  recovery  of  grease  or  potash  is  possible  and  can  generally  be 
accomplished  at  little  or  no  expense.  The  degree  of  purification  and 
the  coincident  profit  on  the  capital  invested  for  three  prominent 
systems  of  treatment  are  shown  in  Table  13. 

Table  \Z.~  Degree  of  purification  and  profit  of  different  methods  of  treating  wool- 

scouring  liquor. 


Cracklnc  process 

Tumer-Akeroyd  process  (Ineludlog  tlltretlon). 
Turner-Akeroyd  firocess  (excluding  filtration). 
Smim-Leacn  process 


Tercent  puri6calion.         '  Per  cent 


Total 
solids. 


Volatile 
solids. 


100 


Fats. 


_  profit  on 
I  capital 
invested. 


83 
98 
92 
100 


0 
0 

0 
50 


4.  All  the  evidence  gathered  tends  to  show  that  wool-scouring 
hquor  can  be  entirely  destroyed  by  means  of  the  Smith-Leach  proc- 
ess, and  that  sufficient  valuable  products  can  be  recovered  there- 
from to  pay  all  costs  of  treatment  and  leave  a  substantial  profit  on 
the  capital  invested. 
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BLEACHING  AND  DYEING  COTTON  YARN. 
BLEACHING  PROCESSES  AND  WASTE  WATERS 

The  methods  of  bleaching  and  dyeing  cotton  yam  do  not  differ  in 
essential  principles  from  those  of  bleaching  and  dyeing  other  cotton 
goods,  but  the  form  of  the  material  and  its  condition  with  respect  to 
impurities  render  the  procesises  more  or  less  distinctive. 

Gray  boil, — ^The  yarn  when  brought  to  the  bleachery  contains  dirt 
that  has  accumulated  during  transportation  as  well  as  other  impurities 
that  must  be  removed  before  bleaching.  The  first  process  is  cleansing 
in  the  gray  boil.  The  yarn  is  placed  by  hand  in  closed  iron  kiers, 
after  which  water  and  steam  are  admitted.  The  desired  amount  of 
alkali,  usually  sufficient  to  make  a  0.5  to  1  per  cent  solution  of 
caustic  soda,  is  then  added,  and  boiling  with  open  steam  pipes  is 
continued  for  ten  or  twelve  hours.  The  kiers  are  so  designed  that 
the  solution  circulates  through  the  yam,  and  an  open  steam  exhaust 
keeps  the  pressure  very  low.  The  natural  impurities,  including  cot- 
ton wax,  margaric  acid,  pectic  acid,  parapectic  acid,  and  albuminous 
matters,  and  constituting  from  3  to  5  per  cent  of  the  weight  of  the 
yam,  are  emulsified  and  dissolved  by  boiling  in  tlie  dilute  alkaline 
solution,  which  does  not  appreciably  affect  the  cotton  fiber.  At  the 
end  of  the  boil  the  liquor  is  drawn  off  and  the  yarn  is  thoroughly 
rinsed  with  fresh  water. 

Bleaching. — After  it  has  been  rinsed  and  drained  the  yarn  is  re- 
moved from  the  kiers  and  placed  in  stone  or  concrete  vats.  Bleaching 
or  '*chemic''  solution,  usually  chloride  of  lime  of  a  strength  repre- 
sented by  a  specific  gravity  of  1.01  (2°  Twaddell,  or  1.5®  Baum6),  is 
added  until  the  yarn  is  covered.  The  material  is  steeped  for  a  period 
of  two  to  four  hours,  and  the  solution  is  drained  off  and  returned  to 
storage  tanks  for  further  use.  The  steeped  yarn  is  then  rinsed  by 
covering  it  with  water  and  draining;  two  such  rinsings  are  usually 
given  in  order  to  remove  excess  of  chemic  solution.  A  weak  acid,  or 
**sour''  solution,  usually  sulphuric  acid  of  1.005  specific  gravity  (1° 
Twaddell,  or  0.75°  Baum^),  is  then  admitted  in  sufficient  quantity  to 
cover  the  yam.  The  chemic  solution  remaining  in  the  material  reacts 
with  the  acid,  and  bleaching  by  oxidation  results.  After  steeping  a 
few  hours,  the  acid  is  drawn  into  a  storaj^e  tank  and  held  for  further 
use. 

Cotton  fiber  has  the  property  of  concentrating  within  itself  acid 
from  a  solution;  furthermore,  it  is  sensitive  to  acid  and  easily  injured 
by  it;  for  these  reasons,  and  also  in  order  to  prevent  additional  and 
uncontrolled  bleaching  action,  the  material  must  be  cleansed  from 
all  traces  of  acid  at  this  stage.  This  is  accomplislied  by  three  succes- 
sive rinsings  with  fresh  water  in  the  masonry  vats  and  by  ^'soaping," 
which  is  customarily  done  by  hanging  the  skeins  of  yam  on  wooden 
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sticks  and  moving  them  by  hand  through  narrow  wooden  vats  which 
contain  dilute  soap  solution.  The  soap  effectually  neutralizes  any 
remaining  acid  and  leaves  the  fiber  in  proper  condition.  A  final 
rinsing  in  clear  water  in  similar  vats  removes  the  excess  of  soap  from 
the  yam.  The  soaping  and  rinsing  may  be  effected  by  means  of 
revolving  wheels  on  which  the  sticks  bearing  skeins  of  yam  are 
fastened  Uke  the  cars  on  a  Ferris  wheel.  Partial  drying  in  centrifugal 
machines,  drying  by  heat,  and  winding  on  spools  are  the  finishing 
processes. 

Wastes, — The  waste  waters  from  the  bleaching  processes  are  de- 
scribed in  the  following  paragraphs.  The  estimates  of  quantity  of 
the  different  materials  are  based  on  the  treatment  of  1  ton  of  yam. 

Waste  A,  gray-boil  Uquor:  Usually  250  to  1,000  gallons  in  amoimt, 
with  an  average  of  600  gallons;  contains  25  to  30  poimds  of  sodium 
compounds  expressed  in  terms  of  caustic  soda  and  60  to  75  pounds  of 
impurities  from  the  cotton;  reddish  brown  or  garnet  in  color  and  has 
a  characteristic  odor  like  that  of  burnt  sugar. 

Waste  B,  gray-boil  rinse :  Amounts  to  about  3,000  gallons ;  contains 
about  10  to  15  pounds  of  sodium  compounds  and  25  to  40  pounds  of 
impurities  from  the  cotton;  in  reaUty  a  diluted  portion  of  waste  A. 
As  the  rinsing  is  usually  accomplished  by  a  continuous  stream  of 
water,  this  waste  varies  in  character  from  a '  concentration  nearly 
equal  to  tliat  of  waste  A  to  nearly  pure  water. 

Waste  C,  first  chemic  rinse:  About  1,000  gallons  in  amoimt;  con- 
tains small  quantities  of  sodium  compounds  and  cotton  impurities 
and  comparatively  large  amoimts  of  calcium  chloride,  some  sulphates, 
and  some  free  chlorine,  giving  total  soUds  of  10  to  15  poimds;  charac- 
terized by  a  strong  chlorine  odor. 

Waste  D,  second  chemic  rinse :  Similar  to  waste  C  in  quantity  and 
in  quality  except  that  it  is  much  more  dilute,  containing  only  about 
one-fifth  as  much  matter  in  solution. 

Waste  E,  first  sour  rinse:  Amoimts  to  about  1,000  gallons,  Uke  the 
other  sour  rinse  waters  and  the  chemic  rinses;  has  a  slight  ojdor  of 
chlorine  and  contains  20  to  25  pounds  of  free  acid  and  10  to  15  pounds 
of  calcium  sulphate;  other  impurities  are  small  in  amount. 

Waste  F,  second  sour  rinse:  Practically  a  dilution  of  waste  E; 
character  determined  by  the  quaUty  of  water  used  for  rinsing,  from 
which  it  differs  by  having  a  slightly  lower  alkaUnity  and  a  somewhat 
increased  sulphate  content. 

Waste  G,  third  sour  rinse :  Similar  to  waste  F. 

Waste  II,  soap  liquor:  Amounts  to  about  4,500  to  5,000  gallons; 
light  blue  in  color  by  reason  of  the  addition  of  a  small  amount  of 
bluing  to  wliiten  the  goods ;  has  a  characteristic  soapy  appearance, 
with  high  turbidity,  alkaUnity,  and  fat  content,  30  to  40  pounds  of 
soap  having  been  used. 
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Waste  I,  soap  rinse:  Same  in  quantity  as  waste  H,  of  which  it  is  a 
dilution;  contains  one-fifth  to  one-tenth  as  much  soap  and  organic 
matter  as  waste  H  and  is  too  dilute  to  warrant  much  consideration. 

Waste  J,  lime  sludge:  Chloride  of  Ume  is  agitated  with  water  in 
cement-lined  tanks  in  order  to  prepare  the  bleaching  solution.  As 
the  chloride  of  Ume  is  never  pure,  an  insoluble  sludge  collects  at  the 
bottom  of  the  tanks  and  is  removed  periodically.  The  sludge  is  semi- 
liquid  in  consistency  and  contains  chlorides,  hypochlorites,  hydrates, 
carbonates,  and  sulphates  of  calcium,  together  with  small  amounts  of 
other  substances.  The  amount  of  sludge  is  30  to  50  pounds,  varying 
in  quantity  and  in  consistency  with  the  quality  of  bleaching  powder 
and  with  minor  changes  in  manipulation. 

An  excellent  opportunity  was  afforded  the  writers  to  study  the 
processes  and  waste  waters  from  the  bleaching  and  dyeing  of  cotton 
yam  at  the  establishment  of  the  R.  D.  Mason  Company,  Pawtucket, 
R.I. 

Table  14  shows  the  character  of  the  wastes  from  cotton-yam 
bleaching  at  this  establishment.  Wastes  A,  B,  E,  and  H  are  the 
most  objectionable. 

Table  14. — CharaUer  of  waste  liquors  from  hleachery  of  the  R.  D.  Mason  C(ympany, 

Pawtucket,  R.  I  a 

[Milligrams  per  liter,  unless  otherwise  stated.] 


Waste  A 
liquor). 

Waste  C 

(first 

rinse). 

Waste  D 
(second 
chemic 
rinse). 

Waste  E 

(first 
sour 
rinse). 

Waste  F 

(second 

sour 

rinse). 

Waste  G 
(third 
sour 
rinse). 

Waste  H 

(soap 

liquor). 

Waste  I 

rinse). 

Date,  1007 

Mar.  7 

F#ih  21 

Feb.  21 

Vnh  21 

Feb.  21 

3,200 

21 

None. 

5 
Slight. 

1.7 
.05 
.35 
24 
30 
47 

Feb.  21 

3,200 

21 

None. 

5 
Slight. 

1.5 
.04 
.30 
24 
30 
44 

Feb.  21  '    F«h  21 

Amount  in  eallons 

2,400  1      3,200 
Orange.'          21 

Burnt  1  Chlo- 

3,200        3.200 

14,000 

'°^§ 

chlo- 
rine. 
400 
Slight. 

84 

.25 

2.00 

34 
345 

60 
380 

15,000 

Color 

28 

Slight 
chlo- 
rine. 

5 

Very 

slight. 

3.5 

.05 

.50 

72 

Slight. 

78 

12 

Slight 
chlo- 
rine. 

5 
Slight. 

9.2 

.02 

1.00 

70 

6  2,790 

3,800 

Slight 
soapy. 
Soap. 

50 

Odor 

Turbidity 

sugar. 

650 
Consid- 
erable. 
4,400 
6.5 
234 
260 
440 
360 
3,520 
17,920 

rine. 

10 
Consid- 
erable. 
17.5 
.17 
1.00 
635 
Slight. 
408 

Sediment 

Very 

slight. 

12 

Oxygen  constuned 

NiUogen  as  free  ammonia 

Organic  nitrogen 

.16 
.90 

Chioiine 

20 

Alkalinity  as  CaCO, 

53 

Sulphate  radicle  (SCO 

Fats                      

64 
46 

Total  solids 

Loss  on  ignition 

9,320 

) 

o  Analyses  by  Pratt  and  Stabler. 


b  Acid. 


DYEING  PROCESSES  AND  WASTE  WATERS. 

Wet-out  process, — Though  cotton  yam  must  be  cleansed  before  it 
can  be  satisfactorily  dyed,  dyeing  does  not  always  require  so  thorough 
a  preliminary  treatment  of  the  yam  as  bleaching  does.  The  cleans- 
ing process,  or  ''wet  out/'  is  conducted  in  kiers  like  those  used  for  the 
gray  boil  before  bleaching.     The  yam  is  piled  in  these  kiers  and  boiled 
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with  water  and  steam  but  without  chemicals  for  about  six  hours. 
After  the  boiling  has  been  completed,  the  material  is  rinsed  in  the 
kiers  and  then  allowed  to  drain  for  several  hours,  after  which  it  is 
ready  for  dyeing.  For  some  colors,  the  entire  bleaching  process  may 
be  substituted  for  the  wet-out  boil. 

Dyeing. — Dyeing  operations  are  many  and  varied,  and  they  are 
usually  conducted  in  the  form  of  apparatus  described  for  the  soaping 
process  in  bleaching.  Machines  are  generally  employed  for  heavy 
colors,  and  the  dye  baths  are  saved  for  further  use.  The  lighter 
colors  are  more  often  applied  by  the  hand  process,  and  the  baths  are 
discharged  after  having  been  used  but  once.  The  following  abstracts 
from  Thorpes  text-book  ®  give  some  idea  of  the  varied  character  of  the 
Hquors  discharged  from  a  dyehouse  for  cotton  yam. 

Direct  dyes,  or  those  which  yield  full  colors  without  the  assistance 
of  mordants,  are  applied  in  a  boiling  bath  usually  with  10  to  15  per 
cent  of  common  salt  or  Glauber's  salt.  Ingrain  colors  require  in 
addition  * '  diazotizing "  in  a  cold  bath  of  sodium  nitrite  acidulated 
with  hydrochloric  acid,  and  '* developing  "  by  treatment  with  phenols, 
naphthols,  or  amines.  Basic  dyes,  or  those  which  form  insoluble  tan- 
nates  and  require  mordants  on  vegetable  fibers,  are  the  salts  of 
colorless  bases.  The  cotton  is  first  mordanted  in  a  bath  of  tannin, 
turkey-red  oil,  or  soap,  and  it  is  then  treated  in  a  bath  of  the  dye- 
stuff.  The  base  of  the  dyestuff  combines  with  the  acid  of  the  mor- 
dant to  form  the  color,  and  the  goods  are  not  washed  after  having 
been  dyed.  Acid  dyes  are  applied  in  a  very  concentrated  bath  to 
which  common  salt,  acetic  acid,  and  alum  are  added,  or  the  yam  may 
be  first  mordanted  in  a  bath  of  alum  and  soda  or  of  stannic  cliloride 
followed  by  alum  and  soda.  Tannin  treatment  may  precede  mor- 
danting with  alum  and  soda.  Mordant  dyes  for  cotton  are  chiefly 
turkey  reds,  logwood  blacks,  and  alizarin  colors,  and  they  always  re- 
quire a  metallic  mordant,  such  as  the  salts  of  aluminum  and  less  fre- 
quently those  of  chromium,  iron,  and  tin.  Oil,  sodium  carbonate, 
powdered  chalk,  sodium  phosphate,  sodium  arsenate,  and  calcium 
acetate  are  some  of  the  accessory  chemicals  that  may  be  used  in  the 
processes.  After  having  been  dyed,  the  yam  may  be  subjected  to 
soap  baths.  Special  dyes  include  those  colors  which  are  prepared  or 
developed  directly  on  the  fiber  by  peculiar  processes  and  include 
indigo,  auilhie  black,  and  certain  azo  colors.  The  baths  may  contain 
sodium  hyposulphite,  copperas,  zinc  compounds,  milk  of  lime,  po- 
tassium bichromate,  copper  salts,  potassium  ferrocyanide,  and  many 
other  chemicals. 

Wastes. — Any  or  all  of  the  classes  of  dyes  mentioned  above  may  be 
applied  in  a  dyehouse  during  a  single  day,  or  one  class  may  be  used 


a  Thorp,  F.  H.,  Outlines  of  industrial  chemistry,  1901,  pp.  482-494. 
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one  day  and  another  the  next.  It  is  impossible,  therefore,  to  predict 
the  nature  or  the  color  of  the  liquor  in  a  dyehouse  sewer.  Average 
results  for  a  day's  run  offer  the  best  opportunity  for  comparisons,  but . 
even  these  may  vary  widely  from  day  to  day.  The  quantity  of  liquor 
(iischai^ed  also  varies  considerably,  as  one  bath  may  suffice  for  fixing 
some  colors,  while  seven  or  eight  baths  may  be  required  for  fixing 
others.  The  waste  liquors  from  a  cotton-yam  dyehouse  may  be 
classed  under  three  heads,  as  follows: 

Waste  K,  wet-out  liquor:  Orange  colored;  has  a  peculiar  odor  like 
that  of  scorched  vegetable  matter,  and  contains  a  large  amount 
(about  3  per  cent  by  weight  of  the  yam)  of  the  impurities,  chiefly 
organic,  removed  from  the  fiber;  in  quantity  it  averages  about  600 
gallons  per  ton  of  yarn.  Similar  in  many  respects  to  waste  A.  (See 
p.  28.) 

Waste  L,  wet-out  rinse:  A  dilution  of  waste  K,  concentrated  at 
first,  but  becoming  more  nearly  pure  water  as  the  rinsing  progresses; 
usually  amounts  to  from  2,500  to  3,000  gallons  and  contains  10  to  20 
pounds  of  impurities  per  ton  of  yam. 

Waste  M,  sewage  from  dyeing  processes:  Of  extremely  varied  char- 
acter; changes  color  at  frequent  intervals  and  varies  in  reaction  from 
strongly  acid  to  excessively  alkaline.  The  quantity  may  be  roughly 
estimated  at  20,000  to  30,000  gallons  per  ton  of  yam,  and  the  content 
of  impurities  at  from  250  to  400  pounds  of  dyes,  and  other  chemicals 
per  ton  of  yam. 

The  following  table  shows  the  general  characteristics  of  waste  K 
and  the  nature  of  waste  M  for  one  day  at  a  yarn  dyehouse: 

Table  15. — Character  of  waste  liquors  at  cotton  dyehouse  of  the  R.  D.  Mason  Company ^ 

Pau  tucket,  R.I.a 

[Milligrams  per  liter.] 


Waste  K  ("wet-out" 
I  liquor). 


Date,  1907 

Amount gallons 

Color 

Odor 

Turbidity 

Sediment 

Oxygen  consumed 

Nitrogen  as  free  ammonia 

Organic  nitrogen 

Chlorine 

Alkalinity  as  CaCO, 

Sulphate  radicle  (SOO 

Fats 

St4irch 

Total  solids 

Loss  on  ignition. 

«  Analyses  by  Pratt  and  Stabler. 


Mar.  7. 

2,400 

Oranee. 

Scorched    vegiMable 

matter. 

70 

Consideruble. 

1,140 

7.2 

106 

115 

400 

I'iO 

429 

Present. 

4,430 

2,860 


Waste  M  (dye- 
house  sewage). 


Red 


Mar.  6.b 

90,000 

to  purple. 

Dyes. 

300 

Heavy. 

240 

1.8 

•     5. 25 

2.50 

40 

27 


1,470 
450 


6  Composite. 
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PURIFICATION  OF  WASTE  WATERS. 
PREVIOUS    INVESTIGATIONS. 

Experimental  treatment  by  the  Massachusetts  state  board  of 
health^  of  a  composite  liquor  composed  of  six  of  the  most  objectionable 
wastes  from  the  processes  of  dyeing,  bleaching,  and  mercerizing  cot- 
ton yam,  mixed  in  proportion  to  the  quantity ^of  each  waste,  showed 
that  about  87  to  90  per  cent  removal  of  organic  matter  was  effected 
by  sand  filtration,  and  that  about  92  to  93  per  cent  removal  was 
obtained  by  the  use  of  chemical  precipitants  followed  by  sand  filtra- 
tion. Though  the  waste  was  a  very  turbid  brown  liquor,  the  effluents 
were  straw  colored.  A  rate  of  50,000  gallons  per  acre  per  day  was 
used  in  the  work. 

Experimental  work  on  waste  dye  hquors  from  a  woolen  mill  was 
also  conducted.^  While  this  waste  is  not  derived  from  the  industry 
under  discussion,  it  seems  proper  to  mention  here  the  general  con- 
clusions reached,  as  follows:  The  waste  dye  liquor  from  a  woolen  mill 
can  be  sucessfully  treated  by  sand  filtration  at  sewage  rates;  a  large 
part  of  the  color  will  be  removed,  but  more  surface  raking  is  required 
than  is  necessary  with  sewage.  The  addition  of  copperas  followed  by 
Ume  in  amounts  averaging  about  one-half  ton  each  for  1,000,000 
gallons  will  effect  good  color  removal  when  the  liquor  is  allowed  to 
settle  about  one  hour;  the  resulting  supernatant  liquor  can  be  filtered 
through  sand  at  rates  approximating  2,000,000  gallons  per  acre  per 
day  with  good  results.  The  sludge  will  be  about  1.5  per  cent  of  the 
volume  of  the  liquor  treated  and  can  be  satisfactorily  filtered  at  a  rate 
of  40,000  to  50,000  gallons  per  acre. 

Though  the  wastes  from  a  cloth  dyeing  and  finishing  works  at 
Ravenna,  Ohio,  studied  by  Stabler,*'  were  liquors  from  dyeing  wool, 
they  resemble  those  under  discussion  sufficiently  to  justify  mention. 
His  work  indicated  that  for  chemical  precipitation  of  such  liquors 
Ume  and  copperas  together  gave  better  purification  at  less  cost  than 
either  alone.  Separate  treatment  of  the  concentrated  dye  wastes 
was  more  economical  than  treatment  with  the  rinse  water,  ''crab" 
waste,  and  a  waste  from  wasliing  and  dyeing  wool.  Straining  these 
four  combined  through  sifted  coke  breeze  at  a  rate  of  520,000  gallons 
per  acre  per  day  removed  from  one-third  to  one-half  the  oi^anic 
matter  present.  Results  from  the  operation  of  an  experimental 
plant  at  Ravenna  confirmed  the  conclusion  drawn  from  laboratory 
tests  on  the  use  of  lime  and  copperas  as  precipitants,  and  indicated 

a  Thirty-eighth  Ann.  Rept.  Massachusetts  State  Board  Health,  1906,  p.  301. 
b  Thirty-fifth  Ann.  Rept.  Massachusetts  State  Board  Health,  1903,  p.  271. 

c  Stabler,  Herman,  Disposal  of  waste  water  from  cloth  dyeing  and  finishing  works  at  Ravenna,  Ohkk 
Ohio  Sanitary  Bull.,  vol.  10, 1906,  p.  189. 
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that  the  combined  wastes  were  fairly  well  purified  when  treated  with 
12  pounds  of  copperas  and  from  8  to  10  pounds  of  lime  per  1,000  gal- 
lons, at  a  cost  of  about  7i  cents.  The  concentrated  dye  waste,  taken 
alone,  showed  about  70  per  cent  removal  of  organic  matter  when 
treated  with  42  pounds  of  copperas  and  15.8  pounds  of  lime  per  1,000 
gallons,  at  a  cost  of  about  23  cents. 

LABORATORY    EXPERIMENTS. 

Several  experiments,  which  were  not  refined  in  detail,  were  made 
in  the  laboratory  by  the  writers  on  liquors  from  the  Mason  establish- 
^lent.  Waste  A,  the  gray-boil  liquor,  was  treated  with  different 
amounts  of  sulphuric  acid.  Complete  coagulation  was  most  nearly 
obtained  by  using  58  pounds  of  sulphuric  acid  per  1,000  gallons. 
The  liquor  became  clear  in  about  two  minutes  and  the  coagulum, 
probably  a  very  impure  pectic  acid,  was  reduced  in  half  an  hour  to 
5.6  per  cent,  by  volume,  of  the  original  liquor.  Analyses  before  and 
after  treatment  showed  the  following  results: 

Table  16. — Analyses  of  waste  A  before  and  after  treatment  with  sulphuric  add.o^ 

IMIIUgrams  r«r  liter.] 


I     Before     I      After 
treatment,  i  treatment. 


Oxyppn  consumed 4,400 

Oncanlc  nitrogen  and  nitrogen  as  free  ammonia 240 

Fats  (ether-soluble  matter) 3,520 

Alkalinity  as  Ca  COs 440 

Sulphate  radicle  (8O0 360 

Totalsollds 17,920 

Loss  on  ignition 9,320 


3,320 
156 

2,050 
-3,500 

7,900 
20,280 

9,580 


a  Analyses  by  Tratt  and  Stabler. 

These  analyses  do  not  show  great  improvement  in  the  quality  of 
the  liquor,  though  there  is  a  decided  reduction  in  oxygen  consumed, 
nitrogen,  and  fatty  matters.  The  dried  coagulum  was  largely  vola- 
tile, 96.6  per  cent  being  lost  on  ignition.  Less  visible  purification  was 
procured  by  the  use  of  greater  or  less  amounts  of  acid  and  by  the 
substitution  of  hydrochloric  for  sulphuric  acid.  The  substance 
removed  by  this  coagulation  contained  much  coloring  matter,  and 
was  readily  soluble  in  alkaline  solutions,  especially  solutions  of  the 
caustic  alkalies. 

Equal  parts  of  waste  A,  the  gray-boil  liquor,  and  waste  K,  the 

'Vet-out''  liquor,  were  treated  with  sulphuric  acid  in  the  ratio  of  58 

pounds  of  the  acid  to  1 ,000  gallons  of  waste.     The  coagulum  gathered 

and  the  liquor  cleared  as  in  the  preceding  experiment.     The  following 

2491— IRR  235—09 3 
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analyses  show,  as  would  be  anticipated,  that  the  relative  purification 
is  similar  to  that  of  the  former  experiment;  98.1  per  cent  of  the  dried 
coagulum  was  lost  on  ignition : 

Table  17. — Analyses  of  wastes  A  and  K (mixed)  before  and  after  treatment  xcith  sulphuric 

add.O' 

IMUligrams  per  liter.] 


Before 
treatment. 


Oxygen  consumed 2,770 

Organic  nitrogen  and  nitrogen  as  free  ammonia ,  177 

Fats  (ether-soluble  matter) \  1,975 

Alkalinity  as  CaCO, 420 

Sulphate  radicle  ( SO, ) 240 

Total  solids 11,180 

Loss  on  ignition 6,C90 


After 

traatment. 


1,7» 

113 

1.170 

-3,750 

7,:jrt) 

13.400 
6.30 


o  Analyses  by  Pratt  and  Stabler. 

Waste  E,  the  first  sour  rinse,  and  waste  H,  the  soap  liquor,  were 
combined  in  the  proportion  in  which  they  occur  in  the  bleachery,l 
part  of  the  former  to  4.38  parts  of  the  latter.  The  result  was  a  coagu- 
lation of  the  soap.  The  following  analyses  of  the  combined  liquore 
and  the  filtrate  after  coagulation  disclose  very  decided  purification  of 
both  wastes : 

Table  \%.— Results  of  mixing  wastes  E  and  £/.« 
[Milligrams  per  liter.] 


Combined      pju— ♦- 
,     liquors.         ^*''»**- 


Color Light  blue,  I  15 

Turbidity 330       I  0 

Oxygen  consumed 

Organic  nitrogen  and  nitrogen  as  fn-e  ammonia 

Fata 

Acidity  as  CaCOj 


70  I  23.2 
2.02  1.75 

310  I  12 

240  1  200 


o  Analyses  by  I*ratt  and  Stabler. 

Waste  M,  the  dychouse  sewage,  was  treated  with  milk  of  lime  at 
the  rate  of  2\  pounds  per  1,000  gallons  (17.5  grains  per  United  States 
gallon)  and  3§  pounds  per  1,000  gallons  (23.3  grains  per  United 
States  gallon).  The  former  mixture  was  filtered  after  standing 
sixteen  hours,  and  the  latter  after  standing  five  hours,  and  the 
filtrates  were  both  subjected  to  analysis,  with  results  as  shown  in 
Table  19. 
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Table  19. — Results  of  treating  waste  Mwilh  linu.^ 
[MUligrams  per  Uter.] 


After     treatment 
I      with  2)  pounds 
Waste  M  (dye-  |      of  lime  per  1,000 
bouse  sewage).   '      gallons,  and  af- 
ter 16  hours'  sed- 
I      imentation. 


Color Reddish  purple.  '  Lightstraw. 

Turbidity '  300  0 

Sulphate  radicle  (SO4) 530  350 

Alkalinity  as  CaCO. 40  124 

Oxyifen  consumed 240  102 

Organic  nitrogen  and  nitrogen  as  free  ammonia  7. 05  3. 25 


After  treatment 
with  3^  pounds 
of  lime  per  1,000 
gallons,  and  af> 
ter  5  hours'  sedi- 
mentation. 


Very  light  straw. 
0 
350 
80 
99 
3.45 


o  Analyses  by  Pratt  and  Stabler. 

• 

The  color  of  the  filtrates  faded  on  standing.  Both  parts  of  the 
experiment  show  very  good  decolorization  and  removal  of  more  than 
50  per  cent  of  the  organic  matter.  The  lower  percentage  of  lime, 
with  longer  time  for  reaction  and  sedimentation,  seems  to  give  fully 
as  good  results  as  the  second  treatment. 

No  experiments  were  made  with  the  lime  sludge,  waste  J.  It  is 
a  precipitant  of  great  value  and  could  doubtless  be  used  in  place  of 
lime  in  a  precipitation  plant,  thus  reducing  the  cost  of  chemicals  and 
disposing  of  an  additional  waste. 

EXPERIMENTS    AT   PAWTUCKET,    R.    I. 

Waste  M,  the  liquor  causing  most  serious  pollution  from  the  R.  D. 
Mason  plant,  except  the  bleach-house  boils,  is  discharged  through  the 
dyehouse  drain.  Filtration  experiments  having  been  started  at 
another  plant  with  kier  liquors  (see  p.  47),  the  work  at  this  plant  was 
confined  to  the  wastes  from  the  dyeing  processes,  the  wet-out 
liquor,  however,  not  being  included  in  samples  taken  or  applied  to 
the  filters,  as  it  was  discharged  very  early  in  the  morning. 

Character  of  wastes, — The  liquors  w  hich  are  discharged  from  the 
dyeing  processes  at  this  establishment  are  typical.  They  are  dis- 
agreeable to  look  at,  on  account  of  the  coloring  matter  in  them,  and 
they  exert  an  influence  on  the  stream  into  which  they  are  discharged 
which  is  objectionable  not  only  because  of  the  unsightly  appearance 
but  also  because  of  the  organic  matter  and  chemicals  which  they  con- 
tain in  solution.  Samples  of  the  liquor  taken  at  difl'erent  times  have 
shown,  as  would  be  expected,  great  variations  in  its  quality,  the  colors 
varying  between  the  widest  extremes  and  the  organic  and  mineral 
contents  showing  similar  fluctuations.  A  fairly  accurate  conception 
of  the  average  character  of  the  liquor  with  which  experiments  were 
made  can  be  obtained  from  the  analysis  of  the  composite  sample,  given 
in  line  1  of  Table  20.     The  analyses  of  nine  samples  of  the  dye  water, 
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collected  on  different  days  between  October  10, 1907,  and  January  18, 
1908,  are  also  given  in  this  table,  and  they  show  great  variation  in 
results;  but  an  average  of  them,  as  shown  by  line  11,  represents  a 
liquor  of  nearly  the  same  strength  as  the  composite  sample. 

Table  20. — Analyses  of  liquor  from  dye  drain  of  R,  D.  Mason  Company.^ 
[Milligrams  per  liter,  unless  otherwise  satted.] 


Sample 

Date. 

Oxy. 
gen 
con- 
sumed. 

240 
102 
144 
257 
85 
155 
354 

194 

mo 

218 
241 

as  free 
ammonia. 

1.8 
1.3 
.3 
1.4 
1.0 
1.0 
1.0 

.7 
4.9 
.7 

1.4 

Organic  nitro- 
gen. 

Solids.         1    ^^on!^*" 

Number  of 
bacteria  per 

No. 

^«^-    solved. 

! 

Totol. 

Dis- 
solved. 

Total. 

Dis- 
solved. 

cubic  oeoti- 
met«r. 

1907. 
Mar.    6 
Oct.    10 
Oct.    17 
Oct.   31 
Nov.    8 
Nov.  21 
Dec.  20 

1908. 
Jan.     3 
Jan.    10 

1 

6.2  ' 

2.9  ,        2.4 

1.3    

6. 4  i        4. 8 
2.7           1.5 

1.0    

3.0    

1,470 

1,140 
790 
906 

1,576 
570 

1,174 

450 

1,092          206 

612          356 

782          426 

1,482          262 

290 

764 

168 
182 
340 
248 

100,000 

40,000 
Less  than 

8 

1.8 
2.5 

10,000. 
740.000 

9 

5.000 

10 

Jan       IK 

15.5 
4.1 

Less   than 

11... 

10,000. 



' 

1 

o  Analyses  by  G.  H.  Pratt. 

I.  Composite  of  samples  taken  every  half  hour  from  9  a.  m.  to  5.30  p.  m. 

2  to  10,  mclusive.  Single  samples  taken  between  10  a.  m.and  11.45  a.  m.,  at  time  when  filters  were  dcoed. 

II.  Average  of  2  to  10,  inclusive. 

Sand  filters. — It  was  decided  to  study  the  results  which  could  be 
obtained  by  applying  this  waste  dye  liquor  to  sand  filters.  The 
applied  liquor  was  not  selected  with  special  reference  to  its  appearance 
or  composition,  but  was  generally  drawn  directly  from  the  dyehouse 
effluent  when  the  attendant  was  ready  to  dose  the  filters.  In  case  the 
effluent  appeared  very  dilute,  however,  the  dosing  was  postponed  a 
few  minutes  until  a  normal  sample  could  be  taken.  Two  galvanized 
iron  filters  were  installed,  each  6  feet  high  and  20  inches  in  diameter, 
with  slightly  inclined  bottoms  to  permit  thorough  draining  through 
faucets  at  the  lowest  level.  Underdrainage  was  provided  by  a  foot 
of  coarse  cinders  overlain  by  10  inches  of  crushed  stone  approximately 
the  size  of  pea  coal.  The  filtering  material  was  3\  to  4  feet  of  sand, 
having  an  effective  size  of  0.24  millimeter  and  a  uniformity  coefficient 
of  3.4.  The  filters  were  set  up  in  the  yard  and  were  subject  to  all 
effects  of  the  weather. 

EffluenU, — Filter  No.  1  was  started  on  October  1,  1907,  with  a  dose 
of  5  gallone  a  day,  or  at  the  rate  of  100,000  gallons  per  acre  per  day, 
six  days  in  the  week,  and  that  size  of  dose  was  continued  till  Novem- 
ber 22.  During  this  time  the  filter  delivered  an  effluent  of  extremely 
good  appearance,  free  from  color  due  to  dyes  (average  reading  =  48), 
and  low  in  organic  content  as  shown  by  analysis.     (See  Table  21.) 
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Table  21. — Analyses  of  effluent  from  filter  No.  1  treating  dye  liquor  a 

[  Milligrams  per  liter,  unless  otherwise  stated.] 


Date. 


1907. 
Oct.  10 
Oct.  17 
Oct.  31 
Nov.  8 
Nov.  21 
Dec.  13 
Dec.  20 


1908, 

8  I  Jan.     3 

9  '  Jan.    10 


Jan.    18 
Feb.  21 


Color. 


•2': 
=&  ^ 


wine 

Brownish  wine. 


Dark  brown 

Dark  reddish 

brown 

Light  brown 

Violet 


7.2 
6.0 
4.6 
6.5 
20.0 
14d.0 


99.2 

84.0 
22.8 
42.0 
6.4 


3 


Si-?? 


3  ill  IS s^ 

J     'A  .« 


.08 

.05 

.22 

Present. 

Presei 

Present. 

Present. 

4. 

1.75 

.70 

79(i  211 
l,00l|  87 
493 


^  16  696 

16  21  i  524 

I  501 

0  1,1  3 


20 


2,2:0 

800 

73,000 


36,700 
60,000 
50,000 


50,000 

10.000 
10,000 


100.000 
100.000 
100,000 
100,000 
100.000 
400.000 
<00,000 


400,000 

100,000 
100.000 
100,000 


o  Analyses  by  G.  11.  Pratt 


1  to  11,  inclusive,  represent  single  samples  taken  between  10  a.  m.  and  12  in. 
12.  Average  of  1  to  5,  inclusive. 

From  November  22  to  January  4  the  filter  was  dosed  at  the  rate  of 
approximately  400,000  gallons  per  acre  per  day,  and  the  combined 
effect  of.  cold  weather  and  the  increased  rate  caused  the  effluent  to 
show  color;  from  December  13  until  the  last  dosing  on  February  21 
the  effluent  was  not  of  good  appearance,  nor  did  tt  give  a  satisfactory 
analysis,  though  from  January  4  until  the  filter  was  stopped  the  dose 
was  the  same  as  originally — 100,000  gallons  per  acre  daily.  The 
exposure  of  the  cans  to  extremely  cold  weather  probably  had  an 
appreciable  influence  on  the  work  of  the  filter  during  the  latter  part 
of  the  run.  The  fact  that  the  experimental  filters  were  entirely 
above  groimd  allowed  much  greater  chilling  effects  on  their  contents 
than  would  occur  in  a  plant  where  only  the  tops  are  exposed.  The 
surface  of  neither  filter  was  raked  during  the  run,  but  the  sand  was 
leveled  two  or  three  times.  The  detailed  analyses  of  the  effluent 
from  filter  No.  1  are  given  in  Table  21. 

Filter  No.  2  was  a  duplicate  of  No.  1  as  to  construction  and  filtering 
material.  It  was  started  at  the  same  time,  October  1,  1907,  at  the 
rate  of  approximately  200,000  gallons  per  acre  per  day,  and  this  rate 
was  continued  throughout  the  run  of  the  filter.  The  same  deteriora- 
tion in  quality  and  appearance  of  the  effluent  during  extremely  cold 
weather  was  noticed,  and  it  is  probable  that  to  the  excessive  exposure 
of  the  cylinders,  to  which  reference  has  been  made,  were  due  largely 
the  comparatively  poor  results  obtained  during  the  latter  part,  of 
the  run.  For  the  purpose  of  comparison,  therefore,  it  seems  best  to 
select  the  results  obtained  during  the  same  period  used  for  figuring 
on  filter  No.   1 — that  is,  from  October   1   tlu'ough  November  21. 
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During  this  period  the  filter  gave  an  effluent  of  fairly  good  appearance, 
at  times  even  lower  in  color  than  that  from  No.  1 ,  but  a  little  color 
from  the  dyes  seemed  to  pass  through  it  always,  and  sometimes  the 
shade  was  marked.  The  figures  for  organic  nitrogen  and  oxygen 
consumed  were  higher  on  this  filter,  as  would  be  expected  at  the 
higher  rate. 

Table  22. — Analyses  showing  organic  purificadon  of  dye  liquor  by  filtration. <*^ 


Milligrams  per  liter. 

Per  cent  removaL 

Source. 

Nitrogen 

as  free 
ammonia. 

Organic 
nitrogen. 

consumed. 

Nitrogen 

as  free 
ammonia. 

Organic 
nitrogen. 

Oxjgezi 

Waste  from  dye  drain 

i.ao 

.81 
.89 

5.21 
.37 
.67 

240 
6.4 
11.8 

Average  of  5  analyses  of  efflu- 
ent from  filter  No.  1,  when 
run  at  100,000-eallon  rate — 

Average  of  5  analyses  of  efflu- 
ent from  filter  No.  2,  when 
run  at  200,000-gallon  rate. . . . 

55 

51 

93 

87 

»7 
95 

o  Analyses  by  O.  H.  Pratt. 

The  e^ffluents  from  both  filters  always  contained  nitrites,  but  the 
nitrates  were  never  high,  although  they  were  always  present  to  some 
extent.  The  percentage  of  removal  eflfected  by  filter  No.  1  at  the 
100,000-gallon  rate  and  by  filter  No.  2  at  the  200,000-gallon  rate  on 
nitrogen  as  free  ammonia,  organic  nitrogen,  and  oxygen  consumed  is 
shown  in  Table  22,*for  which  the  analysis  of  the  composite  sample 
of  March  6  (line  1,  Table  20)  has  been  used  as  a  basis  for  calculating 
percentage  removal. 

Detailed  analyses  of  the  effluent  from  filter  No.  2  are  shown  in 
Table  23. 

Table  23. — Analyses  of  effluent  from  filter  No.  2  treating  dye  liquor, f^ 
[Milligrams  per  liter,  unless  otherwise  stated.] 


i 


1907. 
Oct.  10 
Oct.  17 
Oct.  31 
Nov.  8 
Nov.  21 
Dec.  13 
JDec.  20 

1908. 
Jan.     3 
Jan.    10 
Jan.    18 
Feb.  21 


I 


47 
35 

L.  purple. 

45 

40 

Wine. 

Brownish. 

D.  brown.  ' 
D.y.brown.  , 
D.p.brown. 
Violet.  I 


O 


3.2 
6.2 

28.5 
8.9 
12.2 
27.2 
83.0 

68.8 
W.O 
28. 0 
46.0 
11.8 


n 


2.45 
.89 
.56 
.50 
.07 
.13 
.61 

.21 
.64 

.28 
.20 


0.43 

.48 
1.53 
.46 
.47 
.56 
1.67 


1.95 
1.62 
1.25 
.67 


(?)0.05 
.40 

.38 
Present. 
Present. 

Present. 

Present. 
1.85 
1.00 


f 


0.044 
.160 
.200 
.140 
.026 
Present. 
1.000 

.140 
4.000 
1.200 
2.500 


5l 

M 


712 
1,030 
507 
764 
676 
743 
700 


133 
68 
92 

110 
81 
74 

223 


•i r 


II.  m 

III  'sits? 


15,000 

5,000 

158,000 


69,000 
100.000 
25,000 

10,000  ' 
25,000 
5,000 


200,000 
200,000 
200,000 
200,000 
200,000 
200,000 
200,000 

2oo,(no 
aoo.ooo 

200,000 
200,000 
200,000 


o  Analyses  by  O.  H.  Pratt. 

1  to  11,  Inclusive,  represent  single  samples  taken  between  10  a.  m.  and  12  m. 
12.  Average  of  1  to  5,  inciiiaivc. 
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Effect  on  sand  inJiUera. — When  the  plant  was  dismantled  on  March 
5, 1908,  the  sand  in  the  filters  was  sampled  at  the  top  inch,  6  inches 
down,  2  feet  down,  and  just  above  the  crushed  stone.  The  sand 
was  not  at  all  clogged,  nor  had  it  become  so  at  any  time  during  the 
run,  but  it  was  badly  discolored  for  about  6  inches  down,  and  dis- 
colored channels  ran  through  the  rest  of  the  bed,  though  the  larger 
part  of  the  main  body  had  apparently  not  been  affected  in  color. 
The  results  of  determining  albuminoid  ammonia  and  loss  on  iignition 
on  the  sf^ples  of  sand,  given  in  Table  24,  show  that  even  the  surface 
sand  was  not  extremely  high  in  stored  organic  matter,  and  that  it 
would  have  been  suitable  for  a  much  longer  run  without  being 
replaced. 

Table  24. — Analyses  shovring  albuminoid  ammonia  and  loss  on  ignition  of  filter  sands. <^ 


Sand  from  filter  No.  1. 

Sand  from  filter  No.  2. 

Source. 

Album!-      !««-,.« 

Source. 

Albumi- 
noid am- 
monia. 

Loss  on 
Ignition. 

Top  inch 

Parts  per 
million. 
71 
19 
15 
12 

Percent. 

1.31 

.42 

.37 

.38 

Top  inch .... 

Parts  per 
milium. 
65 
19 
14 
8 

Per  cent. 
1.10 

6  inches  down 

6  inches  down 

.44 

2feetdown 

2  feet  down 

.37 

Bottom 

Bottom 

.32 

o Analyses  by  G.  H.  Pratt. 


COST   OF   TREATMENT. 


The  following  estimate,  indicating  the  approximate  cost  of  treating 
the  dyehouse  waste  by  sand  filtration  at  the  rate  of  100,000  gallons 
per  acre  per  day,  is  based  on  a  flow  of  100,000  gallons  a  day: 

Estimated  cost  of  sand  filtration  of  dyehouse  waste. 

Cost  of  plant  (flushing  tank  with  automatic  regulator  and  1  acre  of 
filtration  beds) $5,000 


Annual  cost  of  maintenance: 

Interest  on  $5,000  at  5  per  cent 

Depreciation  and  repairs  at  8  per  cent. 
Labor 


250 
400 
160 


810 


Another  estimate  has  been  prepared  on  the  assumption  that  the 
laboratory  experiments  with  lime  precipitation  are  a  fair  index  of 
practical  treatment  of  the  waste  in  a  plant  similar  to  the  apparatus 
used  for  water  softening  or  for  mechanical  filtration  of  water. 
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Estimated  cost  of  purification  o/dyehouse  waste  by  lime  precipitation. 

Cost  of  plant  (apparatus  for  chemical  treatment,  sedimentation, 
and  filtration;  pump;  and  sludge  beds,  with  total  area  of  about 
400  square  feet) |4,000 

Annual  cost  of  maintenance: 

Interest  on  |4,000,  at  5  per  cent 200 

Depreciation  and  repairs,  at  10  per  cent 400 

Pumping,  at  0.25  cent  per  1 ,000  gallons 75 

Labor 75 

Lime,  at  |6  a  ton  (treatment  at  rate  of  3  pounds  per  1,000  gal- 
lons)   270 

1,020 

These  figures  indicate  that  the  choice  between  the  two  methods  of 
treatment,  so  far  as  cost  is  concerned,  is  determined  by  the  area 
available.  Mechanical  treatment  can  be  conducted  on  one-tenth 
the  area  necessary  for  sand  filtration,  and  this  is  a  distinct  advantage 
in  an  urban  community,  because  it  appreciably  reduces  the  cost  of 
installation  and  interest.  The  eflSuent  from  the  sand  filter,  however, 
is  decidedly  better  in  quality,  showing  a  removal  of  over  90  per  cent 
of  the  organic  matter,  as  against  a  removal  of  little  more  than  50 
per  cent  by  the  mechanical  plant.  The  effluent  from  a  plant  of  either 
style  is  satisfactory  in  color,  which  is  the  first  requisite  in  purification 
of  a  dye  liquor.  Sand  filtration  at  the  rate  of  200,000  gallons  per 
acre  per  day  would  reduce  the  cost  of  the  plant  by  50  per  cent  and 
would  make  the  annual  cost  of  maintenance  less  than  $500.  The 
combined  factors  of  reduced  area  and  lower  cost  of  maintenance 
under  such  conditions  indicate  that  sand  filtration  is  usuallythe  most 
desirable  method  of  treatment.  Local  conditions  as  to  area  obtain- 
able and  final  disposal  of  effluent,  however,  necessarily  determine 
whether  the  waste  liquor  from  a  yam  dyehouse  can  be  purified  most 
advantageously  in  a  mechanical  plant,  by  means  of  sand  fflters,  or  by 
a  combination  of  the  methods. 

The  conclusions  drawn  from  these  investigations  are  in  accord  with 
those  of  a  previous  less  detailed  study  by  the  Rhode  Island  state 
board  of  health  of  the  dyehouse  waste  from  the  R.  D.  Mason  mill, 
possibly  mixed  at  times  with  bleach-house  waste.  They  are  also 
consistent  with  the  work  of  other  investigators,  though  the  proposed 
rates  of  ffltration  are  somewhat  higher. 

SUMMARY. 

1.  Waste  waters  from  dyeing  cotton  yam  can  be  satisfactorily 
purified  by  filtration  through  sand.  If  the  rate  of  filtration  is  100,000 
gallons  per  acre  per  day,  six  days  a  week,  90  to  97  per  cent  of  the 
organic  matter  and  practically  all  color  can  be  removed  from  the 
liquor  with  an  investment  of  $50  (not  including  cost  of  land)  and  at  an 
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annual  cost  (including  interest,  depreciation,  repairs,  and  labor)  of 
$8.10  per  1,000  gallons  per  day.  If  the  rate  of  filtration  is  doubled, 
85  to  95  per  cent  of  the  organic  matter  can  be  removed  and  color 
can  usually  be  reduced  to  a  satisfactory  extent,  though  this  item  will 
vary  somewhat  with  changes  of  temperature  in  the  filtering  medium 
and  changes  of  intensity  of  color  in  the  applied  waste.  The  invest- 
ment of  the  annual  cost  for  such  purification  would  be,  respectively, 
$25  and  $4.50  per  1,000  gallons  per  day. 

2.  Laboratory  experiments  indicate  that  50  to  60  i>er  cent  of  the 
organic  matter  and  all  the  objectionable  color  can  be  removed  from 
the  waste  waters  by  precipitation  with  about  3  pounds  of  lime  per 
1,000  gallons  (21  grains  per  gallon).  A  mechanical  plant  operating 
by  this  method  would  cost  $40,  and  would  require  an  annual  outlay 
(including  interest,  depreciation,  repairs,  pumping,  chemicals,  and 
labor)  of  about  $10.20  per  1,000  gallons  per  day. 

3.  Laboratory  experiments  indicate  that  yam-bleaching  liquors 
may  be  purified.  Gray-boil  liquor  treated  with  sulphuric  acid  and 
filtered  loses  about  35  per  cent  of  its  organic  matter,  but  the  cost  of 
treatment  is  relatively  very  high  for  the  benefits  derived.  Similar 
results  are  indicated  for  a  mixture  of  gray-boil  and  wet-out  liquors. 
Filtration  or  sedimentation  of  mixed  soap  liquors  and  sour-rinse  water 
produces  a  highly  purified  effluent. 

BLEACHING  COTTON  PIECE  GOODS. 

BLBACHINQ  PROCESSES  AND  WASTE  WATERS. 

The  routine  processes  in  a  cotton-goods  bleachery  are  described 
below.  These  processes,  however,  are  followed  only  in  a  general 
way  at  Saylesville,  where  the  writers  conducted  investigations,  for 
there,  as  at  other  progressive  bleacheries,  experience  has  suggested 
many  modifications  of  detail  and  of  apparatus. 

The  pieces  of  goods,  having  first  been  marked  for  identification, 
are  sewed  together  into  one  continuous  piece  or  web,  and  this  web, 
spread  out  to  the  full  width  of  the  goods  or  gathered  into  a  rope,  as 
the  nature  of  the  treatment  may  determine,  is  drawn  from  one  process 
to  another  until  the  treatment  is  completed.  It  first  usually  passes 
close  to  a  red-hot  plate  or  cylinder  in  order  to  singe  loose  fiber  and 
lint.  After  singeing  it  may  be  given  a  preliminary  washing  in  water 
in  order  to  soften  the  impurities,  which  are  chiefly  sizing  materials, 
such  as  starch  or  china  clay,  but  it  is  more  frequently  subjected  at 
once  to  the  kier  boil. 

For  this  process  the  cloth  is  packed  in  large  iron  vats  or  kiers  and 
boiled  for  several  hours  with  caustic  soda  or  with  lime  and  steam. 
The  kiers  have  false  bottoms,  and  circulating  devices  arranged  so  that 
the  boiling  liquor  flows  on  the  goods  and  then  passes  downward 
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through  them,  softening  and  removing  the  impurities.  For  the  finer 
grades  the  caustic  boil  is  used,  consisting  of  40  to  50  pounds  of  caustic 
soda  and  1,000  gallons  of  water  with  each  ton  of  material.  A  lai^ 
amount  of  the  organic  matter  is  dissolved  by  this  liquor,  which  be- 
comes very  dark  colored  and  loses  part  of  its  causticity.  Forth© 
coarser  materials  the  lime  boil  is  used.  It  consists  of  50  to  60  pounds 
of  lime,  as  milk  of  lime,  with  1,000  gallons  of  water  for  each  ton  of 
goods  treated.  Much  of  the  organic  matter  forms  insoluble  com- 
pounds with  the  lime  in  this  boil  and  remains  on  the  cloth,  but  the 
greater  part  passes  out  with  the  waste  liquor.  After  the  boil  has  been 
completed  the  liquor  is  drawn  into  the  sewer  and  the  goods  are 
drained. 

When  the  goods  are  removed  from  the  kier,  they  carry  with  them 
more  than  one-third  of  the  kier-boil  liquor,  together  with  insoluble 
matters  that  have  been  loosened  from  or  deposited  on  the  fabric. 
This  matter  is  removed  by  washing  machines,  in  which  the  rope  of 
cloth  passes  over  rollers  immersed  in  a  stream  of  running  water.  As 
8,000  to  10,000  gallons  of  water  are  used  in  this  process  for  each  ton 
of  material,  the  waste  water  is  very  dilute,  containing  only  4  to  5  per 
cent  as  much  foreign  matter  as  the  kier-boil  liquor,  though  its  portion 
of  suspended  matter  is  relatively  greater.  The  amount  of  impuri- 
ties removed  from  the  cloth  in  the  kier  boils  and  in  the  subsequent 
washing  is  generally  from  8  to  15  per  cent  of  the  weight  of  the  cloth. 

After  the  cloth  has  been  passed  through  the  washing  machines  the 
bleaching  is  continued.  The  fabric  is  passed  through  chloride  of  lime 
solution,  is  rinsed,  and  is  allowed  to  stand  for  a  few  hours  in  stone  or 
masonry  vats.  Souring  by  weak  sulphuric  or  hydrochloric  acid, 
rinsing,  treatment  in  baths  of  sulphurous  acid  and  soda  ash  follow  in 
succession.  The  chemic,  sour,  and  soda-ash  solutions  are  used  over 
and  over.  The  rinse  waters  are  run  to  waste,  and  they  carry  with 
them  small  amounts  of  cloth  impurities  and  mineral  matter  from  the 
baths.  The  quantity  of  water  used  in  these  processes  is  large,  and 
the  waste  waters  are  in  consequence  very  dilute.  They  were  not 
included  in  the  investigations  made  by  the  writers  at  Saylesville. 

A  piece  of  cloth  in  some  of  the  later  bleaching  or  finishing  processes 
is  often  found  to  be  stained  or  dirty.  If  it  does  not  seem  necessary 
to  subject  this  a  second  time  to  the  entire  bleaching  procedure,  it 
may  be  washed  in  '*  dolly ''  washers  preparatory  to  finishing,  but  only 
a  small  percentage  of  the  goods  in  the  bleachery  reaches  these  washers, 
in  which  the  cleansing  process  consists  merely  in  soaping  the  goods 
and  washing  them  in  water.  About  350  gallons  of  water  and  IJ 
pounds  of  soap  are  used  for  each  ton  of  material  bleached.  The 
waste  waters  are  somewhat  soapy  in  appearance  and  they  contain  but 
little  refuse  matter. 
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The  chemic  solution  is  prepared  by  agitating  commercial  chloride 
of  lime  with  water.  The  lime  compound  is  not  chemically  pure,  and 
a  semiliquid  sludge,  which  settles  out,  is  discharged  as  a  waste  prod- 
uct. It  amounts  to  about  5i  gallons  (45  to  50  pounds)  per  ton  of 
material  bleached.  It  is  similar  to  milk  of  lime  in  appearance  and 
contains  chiefly  calcium  compounds.  A  partial  analysis  of  it  gave 
the  following  results:  Total  solids,  18.6  per  cent;  loss  on  ignition, 
0.34  per  cent;  insoluble  in  hydrochloric  acid,  0.89  per  cent;  reaction, 
alkaline. 

The  analyses  of  wastes  from  the  Saylesville  bleachery  in  Table  25 
show  the  great  concentration  of  the  kier  liquors  and  the  comparative 
weakness  of  the  other  waste  waters.  The  same  fact  is  brought  out 
even  more  clearly  by  the  estimates  in  Table  26. 

Table  25. — Character  of  liquors  at  Saylesville^  R.  /.« 
[Milligrams  per  liter.] 


Color 

(Mor 

Turbidity 

Sediment 

Oxygen  consumed 

Nitrogen  as  free  ammonia.. 

OrgBolc  nitrogen 

Alltallnity  as  CaCO, 

Fats 

Total  Bolds 

Loss  on  ignition 


Waste 
from  the 
lime  boil. 


Orange. 

Lime. 

12P 

Heavy. 

5,200 

5 

190 

1,840 

848 

17,230 

11,970 


Waste 

from  the  caustic 

soda  boil. 


Reddish  brown. 

Alkali. 

600 

Slight. 

5,000 

6 

233 

3,600 

974 

18,280 

10,860 


Rinse 

water  from 

the  lime 

boU. 


Gray. 

Lime. 

260 

0.3 
6.4 
84 
20 
808 
532 


Rinse  water  |  Effluent 

from  the  from  the 
caustic  soda        dolly 

boil.  washers. 


Light  orange. 

Alkali. 

220 

Considerable. 
168 
0.2 
8.0 
180 
130 
850 
520 


Soapy. 


Heavy. 

136 

0.03 

1.16 

52 

84 

848 

612 


aAnalyses  by  Pratt  and  Stabler. 
Table  26. — Quantity  of  waste  liquors  and  solids  in  same^  Saylesville,  R.  I. 


Waste. 


Caustic  and  lime  boils. . 
Rinse  waters  from  same, 
Dolly  washer  wastes. . . 
Other  waste  liquora 


I 


Gallons 
per  diem. 


60,000 

825,000 

24,000 

6,091,000 


Tons  per  diem. 


Total. 


6.70 

^.40 

.08 

2.32 


6,000,000 


12.60 


Inor- 
ganic. 


I  Organic. 


2.30 

L20 

.02 

2.23 


4.40 

2.20 

.06 


5.75 


6.75 


PURIFICATION  OF  WASTE  BLEACHING  LIQUORS. 

So  far  as  known  to  the  authors,  the  purification  of  the  concen- 
trated liquors  from  the  kiers  has  not  heretofore  been  attempted, 
though  treatment  of  the  combined  waste  liquors  of  bleacheries  has 
been  effected  with  varying  degrees  of  success. 
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Purification  in  England, — The  bleaching  processes  m  England, 
according  to  Naylor,*  are  somewhat  different  from  those  herein  out- 
lined, and  the  liquors,  though  similar  in  quality  of  impurities,  are 
widely  different  in  concentration  from  those  which  were  studied  at 
Saylesville.  The  waste  liquors  in  England  contain  principally 
organic  matter,  such  as  resins,  fats,  starches,  waxes,  and  soaps,  both 
in  suspension  and  in  solution,  lime  and  calcium  salts  in  solution, 
china  clay  in  suspension,  and  soluble  salts  of  sodium  and  potassium. 

The  sodium  and  potassium  salts,  principally  chlorides,  are  not 
at  present  susceptible  to  practical  precipitation  nor  to  any  other 
mode  of  elimination,  except  the  commercially  impossible  method  of 
recovery  by  evaporation  of  the  water.  Most  of  the  lime  is  precipitated 
as  sulphate  by  the  sulphuric  acid  of  the  sour  liquors,  if  the  wastes 
are  allowed  to  mix  and  settle.  The  precipitate,  however,  is  usually 
not  sufficiently  dense,  and  carries  with  it  the  buoyant  soaps,  starches, 
or  fats,  the  result  being  a  turbid  liquor  resembling  an  emulsion, 
though  eventually  clarification  nearly  always  takes  place.  Such 
purification  is  too  tedious  and  requires  far  too  much  settling  spac«. 
Up  to  the  present  time  the  most  successful  method  of  clarification  is 
by  means  of  precipitation  tanks,  successful  installations  of  which 
are  described  by  Nay  lor.  At  Ley  land,  Lancashire,  500,000  gallons 
daily  of  mixed  liquors  from  dyeing  and  bleaching  cotton  are  treated 
by  precipitation  with  lime  and  alumina  ferric.  The  supernatant 
liquor  is  usually  discharged  into  the  river,  but  it  is  sometimes  filtered 
through  5  feet  of  sand  and  furnace  clinkers,  after  which  it  is  again 
used  in  the  bleachery.  The  amount  of  waste  water  is  estimated  at 
50,000  gallons  per  ton  of  cloth.  The  following  figures  from  Naylor's 
account  show  the  concentration  of  the  liquor  that  is  treated  and 
the  purification  that  takes  place. 

Table  27. — Purification  of  bleaching  liquors  at  Leyland,  LancaMhirCt  England, 


Source. 


Raw  liquor 

Stipernatant  liquor 
Effluent  from  filter 


Solids  In  parts 
per  million.      I 


Per  cent  removal. 


Total.    Volatile. 


1,660 
1,320 


680 
400 
100 


Total.    Volatile. 


20 


Remarks. 


Highly  discolored. 

Clear. 

Clear  and  simrkllng. 


Precipitation  appears  to  be  satisfactory  only  as  a  preliminary 
process,  the  greater  part  of  the  purification  being  accomplished  by 
sand  filtration.  The  sludge  removed  by  precipitation  contains 
about  95  per  cent  water  and  is,  so  far  as  known,  valueless.     Accord- 


oNaylor,  W.,  Trades  waste;  Its  treatment  and  utilization,  1902,  pp.  164-180. 


Digitized  by  VjOOQIC 


BLEACHING  COTTON   PIECE  GOODS.  45 

ing  to  the  foregoing  figures,  the  sludge  amounts  to  about  2.68  pounds 
of  dry  material  or  53.6  pounds  of  wet  material  per  1,000  gallons; 
0.93  pound  of  alumina  ferric  per  1,000  gallons  is  used;  the  amount 
of  lime  used  is  not  stated.  Although  no  estimates  of  cost  are  given, 
a  plant  of  this  character  would  cost  about  $15,000  in  the  United 
States,  excluding  cost  of  land;  and  the  total  annual  cost  of  operation 
and  maintenance  would  amount  to  $6,000,  or  about  4  cents  per  1,000 
gallons. 

Naylor  states  that  a  similar  piuification  plant  at  the  works  of 
Grafton  &  Co.  is  unable  to  accomplish  results  as  satisfactory  as  those 
at  Leyland.  The  admixture  of  soapy  liquors  at  this  plant  renders  the 
deposition  of  a'precipitate  difficult,  and  it  was  concluded  that  satisfac- 
tory treatment  by  precipitation  could  not  be  accomplished,  unless  the 
soapy  liquors  were  segregated  and  treated  with  very  large  quantities  of 
precipitants.  Naylor  states  also  that  appUcation  of  bleachery  wastes 
to  land  is  unsatisfactory  because  they  tend  to  omdergo  acid  fermenta- 
tion, and  that  artificial  filters  soon  became  choked  and  failed  to 
work.  He  recommends  bacterial  treatment  in  septic  tanks,  followed 
by  filtration  through  sprinkling  filters.  Such  installation  proved 
successful  in  treating  mixed  bleaching  and  dyeing  liquors  at  the 
works  of  Peel,  Tootal  &  Co.,  after  precipitation  tanks  and  ordinary 
continuous-flow  filters  had  been  found  to  be  unsatisfactory.  The 
septic  tank  of  this  company  is  of  sufficient  size  to  provide  three  days' 
storage  and  it  was  seeded  with  sewage  sludge.  Putrefaction  is  main- 
tained by  allowing  the  sewage  of  employees  to  enter  the  waste  waters 
and  by  occasional  additions  of  sewage  sludge.  The  filter  material  is 
cinders  graded  from  not  more  than  2^  inches  diameter  at  the  bottom 
to  not  less  than  one-fourth  inch  diameter  at  the  surface.  A  similar 
plant  was  installed  at  Leyland  after  a  septic  tank  and  contact  filters 
had  proved  to  be  imsatisfactory.  Septic  tanks  and  filters  can  not  be 
maintained  imless  the  chloride  of  lime  solution  is  separated  from  the 
wastes. 

Purification  in  Mdssachusetts, — ^Experiments  in  the  United  States 
on  the  purification  of  bleachery  wastes  have  been  reported  by  the 
Massachusetts  state  board  of  health.**  The  liquor  treated  was  much 
more  dilute  than  the  kier  liquors  used  in  the  experiments  by  the 
authors.  It  was  * *a  mixtiu-e  of  the  stronger"  bleachery  waste  waters. 
The  fairly  clear  supernatant  liquor,  which  was  left  after  the  soap  in 
the  mixt\u"e  had  been  precipitated,  was  applied  at  the  rate  of  50,000 
gallons  per  acre  per  day  to  a  filter  of  3  feet  of  sand  having  an  effective 
size  of  0.25  millimeter.  Table  28  shows  the  extent  of  the  reduction 
in  solids  accomplished  by  sedimentation  and  filtration. 

a  Thirty-eighth  Ann.  Rept.  Massachusetts  State  Board  Ilealtb,  1906,  p.  300. 
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Table  28. — PuriJiaUion  of  stronger  bleaddng  liquors  in  MassachuseUs, 


Solids  in  mUli- 
grams  per  liter. 


Per  cent  removaL  • 


Source 

Remarks. 

Total. 

VolaUle. 

Total. 

VolatUe, 

Raw  liquor 

2,926 

«6 
518 
148 

t 

Superuatant  liquor 

Effluent  from  ffller 

■    2,4W 

1,821 

is 

38 

21 
79 

Fairly  dear. 
Clear,    oolortess,    dod> 
putrescible. 

A  removal  of  about  90  per  cent  of  the  organic  matter  was  effected, 
as  measured  by  determinations  of  both  albiuninoid  ammonia  and 
oxygen  consumed.  The  raw  liquor  contains  much  more  mineral 
matter  than  that  treated  by  precipitation  and  filtration  at  the  plant 
at  Leyland,  England,  but  the  content  of  organic  matter  is  practically 
the  same.  Precipitation  appears  to  give  more  satisfactory  residts 
than  sedimentation,  though  the  filtration  reported  by  Naylor^  is 
less  efficient,  as  may  be  expected  from  comparison  of  the  filtering 
media  that  were  used. 

Sedimentation,  precipitation,  and  septic  treatment  of  bleachery 
wastes  appear  to  be  satisfactory  only  as  preliminary  processes;  and 
the  degree  of  purification  increases  in  the  order  in  which  the  processes 
are  named.  The  best  secondary  treatment  seems  to  be  bacterial 
filtration,  sprinkling  filters  and  sand  filters  having  proved  to  be 
satisfactory  and  contact  filters  imsatisfactor}'. 

TREATMENT  OF  LIME-BOIL  AND  CAUSTIC-BOIL  LIQUORS. 
LABORATORY   EXPERIMENTS. 

The  authors'  experiments  were  confined  to  the  most  concentrated 
of  all  bleachery  wastes,  the  lime-boil  and  the  caustic-boil  liquors. 
Sulphuric  acid  or  the  sludge  from  chloride  of  lime  solution  produces 
a  heavy  precipitate  when  mixed  with  the  kier  liquors,  and  precipita- 
tion with  these  substances  was  tried  in  the  laboratory.  The  precipi- 
tate with  acid,  although  apparently  of  great  bulk  and  composed 
almost  entirely  of  organic  matter,  contains  so  small  a  percentage  of 
the  impurities  that  this  method  of  treatment  was  rejected.  The 
best  result  obtained  was  a  17  per  cent  removal  of  volatile  solids  from 
the  caustic-boil  liquor  with  acid  in  the  proportion  of  52  pounds  of 
sulphuric  acid  to  1 ,000  gallons  of  waste. 

The  use  of  lime  sludge  on  the  caustic-boil  liquor  also  failed  to  give 
satisfactory  results,  but  the  sludge  is  an  effective  precipitant  for  the 
lime-boil  liquor.  The  mixing  of  3.2  volumes  of  sludge  with  100  vol- 
umes of  liquor  gave  a  32  per  cent  reduction  in  volatile  solids,  but 
smaller  amounts  of  sludge  gave  less  efficient  purification.     The  use  of 

aNaylor,  W.^  Trades  waste;  its  treatment  and  utilization,  1902,  pp.  164-180. 
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such  sludge  on  lime-boil  liquors  to  uid  other  coagulants  in  purification 
by  precipitation  would  probably  be  economical.  The  amount  of  sludge 
produced  at  Saylesville  is  sufficient  to  precipitate  only  about  a  third 
of  the  lime-boil  liquors.  If  subsequent  treatment  of  all  the  liquor 
by  bacterial  methods  is  contemplated,  the  use  of  lime  sludge  is  unde- 
sirable because  of  the  inhibiting  effect  of  its  hypochlorites  on  bac- 
terial growth. 

EXPERIMENTS   AT   SAYLESVILLE,    R.    I. 

Description  of  purification  plant, — A  small  plant,  consisting  of 
storage  tank,  septic  tank,  and  filters  for  the  treatment  of  mixed 
lime-boil  and  caustic-boil  liquors  was  installed  at  the  Saylesville 
bleachery.  The  storage  tank,  an  old  boiler  shell  of  750-gallon 
capacity,  was  so  placed  that  460  gallons  of  liquid  could  be  discharged 
from  it  into  the  septic  tank  by  gravity,  and  a  drain  plug  was  pro- 
vided to  facilitate  the  discharge  of  all  the  remaining  liquor  if  desir- 
able. The  septic  tank,  an  open  iron  vat  about  8  feet  long  with  a 
capacity  of  350  gallons  imder  the  conditions  of  operation,  had  sloping 
sides  and  a  roimded  bottom.  It  varied  in  width  from  2^  feet  at 
the  top  to  li  feet  near  the  bottom,  and  it  had  a  maximum  depth 
of  about  2i  feet.  An  inflow  pipe  connected  with  the  storage  tank 
and  regulated  by  a  valve  discharged  downward  at  mid  depth  of  the 
septic  tank.  The  effluent  was  taken  from  mid  depth  by  a  similar 
pipe,  and  no  baffles  were  used  to  direct  the  flow.  A  drainpipe 
provided  for  sludge  removal  and  for  cleaning. 

Each  of  the  7  filters  was  an  open  galvanized-iron  cylinder  6  feet 
deep  and  20  inches  in  diameter,  with  a  filtering  area  of  2.18  square 
feet,  or  one  twenty-thousandth  of  an  acre.  The  filters  were  exposed 
to  all  weather  conditions.  The  filtering  media  were  found  on  the 
bleaching  premises.  An  immense  bank  of  good  quality  filter  sand 
was  available,  which  without  treatment  had  the  following  char- 
acteristics: Effective  size,  0.27  millimeter;  uniformity  coefficient, 
4.8;  smaller  than  0.10  millimeter,  1  per  cent;  lime  by  hydrochloric 
acid  test,  none.  Coke,  the  only  other  filtering  medium  that  was 
used,  was  obtained  from  a  water-gas  plant  on  the  premises.  It  was 
broken  in  order  to  obtain  pieces  varying  from  one-half  inch  to  2^ 
inches  in  diameter. 

Operation  of  storage  tank, — A  pipe  was  laid  from  the  storage  tank 
to  the  kier  house  and  branches  were  connected  to  the  kiers  used  for 
the  lime  boil  and  the  caustic  boil.  A  steam  jet  forced  the  liquors 
from  the  kiers  to  the  storage  tank  every  morning  when  the  kiers 
were  emptied.  Usually  the  liquors  from  both  lime  and  caustic  boils 
were  available,  in  which  case  the  mixed  liquors  were  used  to  fill  the 
tank,  but  sometimes  only  one  class  of  kier  liquor  could  be  obtained 
and  occasionally  no  liquor  could  be  procured.     Generally,  however, 
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the  storage  tank  was  filled  five  or  six  times  a  week  with  scalding-hot 
kier  liquors.  The  valve  on  the  pipe  connecting  the  storage  and  the 
septic  tank  was  so  regulated  that  460  gallons  of  liquor  were  dis- 
charged from  the  storage  tank  in  about  fifteen  hours.  On  July  16 
there  was  a  slight  evidence  of  septic  action  in  the  storage  tank, 
which  was  confirmed  by  the  bacterial  coimts  on  samples  collected 
July  12  and  July  23;  accordingly  the  tank  was  flushed  weekly  after 
July.  Table  29  gives  the  results  of  testing  13  samples  of  the  im- 
treated  liquor  which  was  used  in  the  work  on  experimental  purifica- 
tion. The  examinations  cover  a  period  of  about  four  months  and 
the  samples  were  dipped  from  the  storage  tank.  These  analyses 
represent  a  very  strong  alkaline  waste. 

Table  29. — Character  of  untreated  waste  liquor  at  SaylesviUe^  R.  J.o 
[Milligrams  per  liter.] 


Date. 


Residue  on  evaporation. 


Total. 


1901 

June? I  17,412 

JuneU I  18,086 

June  21 1  20, 544 

June  26 1  17,240 

16,676 
14,980 


July  12. 
July  23. 

July  31 

Augusts 

August  20 

August  28 

September  II.. 
September  18. . 
September  27.. 

Average. 


18,576 


Loss  on 
ignition. 


11,962 
10.964 
12,952 
11,412 
9,264 
8,652 


12,380 


I 


Fixed. 


5,450 
7,122 
7,592 
5,828 
7,412 
6,328 


6,196 


Nitrogen 

as  free 
ammonia. 


2.5 

4.0 

4.0 

3.0 

1.5 

1.5 

5.5 

3.0 

5.7 

9.8 

6.5- 

6.6 

4.0 


4.4 


Organic 
nitn^n. 


191 
222 
236 
228 
229 
196 
210 
201 
210 
160 
203 
148 
125 


196 


Oxygen 

con- 
sumed. 


5,200 
5,160 
5,280 
5,220 
3,540 
3.260 
5,060 
3,760 
4,960 
5,340 
5,060 
3,740 
3,780 


4,570 


Number  of 

bacteria 

per  cubic 

centi- 


550 

1,000 

1,000 

10 

,900.000 

,800,000 

425 

90,000 

10,000 

Low. 

600 

1,500 

400 


^Analyses  by  G.  H.  Pratt.         b  Some  evidence  of  septic  action  in  storage  tank,  July  16, 1907. 

Operation  of  septic  tank. — The  septic  tank  was  dosed  five  or  six 
times  a  week  with  460  gallons  of  waste  liquor,  and,  since  the  capacity 
of  the  tank  was  only  350  gallons,  a  complete  change  of  its  contents 
was  effected  each  time.  The  septic  period,  with  regular  dosing, 
varied  from  twelve  to  twenty-one  hours,  with  a  probable  average  of 
sixteen  hours.  The  tank  was  filled  on  May  22,  1907,  and  a  keg  full 
of  sewage  sludge  was  distributed  through  the  contents  to  start  bac- 
terial action.  Active  gasifaction  accompanied  by  a  characteristic 
pigpen  odor  was  apparent  in  a  few  days.  On  May  30  regular  dosing 
was  begun.  On  August  7  the  septic  tank  contained  a  little  over  a 
foot  of  heavy  black  sludge,  which  was  beginning  to  escape  with  the 
effluent  from  the  tank.  This  deposit  was  therefore  drawn  off, 
leaving  only  about  1  to  2  inches  in  the  bottom,  and  the  operation  of 
the  tank  was  resiuned.  The  plant  was  dismantled  on  November  26 
on  accoimt  of  the  piping  that  would  have  been  exposed  to  very 
severe  weather. 
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The  results  in  Table  30  were  obtained  on  13  samples  of  liquor 
taken  as  it  flowed  from  the  septic  tank  to  the  filters;  they  cover  a 
period  of  about  four  months. 

Table  ^.—Character  of  septic  tank  effluent ^  SaylesvilU,  R.  I  a 
[Milligrams  per  liter.] 


Date. 


Residue  on  evaporation. 


Total   i  I><wsoi 
^°^-    Ignition. 


1907. 

June  7 13,776  I 

June  14 '  15,606 

June21 14,692  1 

June2t) 15,780  ' 

July  12 1  15,160  I 

July  23 1  14,020 

Augusts I  12,800  I 

August  20 ! 

August  28 

September  11 1 

September  18 

September  27 ' 

October  11 j 

Average 


9,182 
10,2r)4 
8,132 
8.964 
7,312 
7,532 
7,200 


FlJcod. 


Nitrogen ;  onranlc     Oxygen 
as  free      ^i*^  '»"n. 


4,594 
5,342 
6,560 
6,816 
7,S48 
6,488 
5,600 


-I. 


I 


5.0- 

a5- 

1.5- 

1.5- 

2.5- 

4.0 
14.8 
14.8 
18.0 

7.5- 
15.6 

5.0 

7.4 

8.0 


181 
231 
176 
19() 
229 
203 
198 
136 
155 
232 
158 
146 
139 
183 


con- 
sumed. 


Number  of 
bacteria    . 
per  cubic 
centi- 
meter. 


14,000,000 
21,000,000 
11,500.000 
12,000,000 
10,710.000 
21,200.000 

3,r)00,ooo 

1,000,000 
70,000 
190,000 
120,000 
160.000 
143,000 


«  Analyses  by  O.  11.  Pratt. 

Operation  of  filters. — The  eflluent  from  the  septic  tank  was  applied 
to  all  the  filters  except  No.  6,  which  was  dosed  for  a  short  time  with 
liquor  from  the  storage  tank,  but  later  with  the  septic-tank  efl3uent. 
Filters  Nos.  1  and  2  each  had  4i  feet  of  coke  for  the  filtering  medium; 
they  were  operated  first  as  continuous  trickling  filters  and  later  as 
intermittent  trickling  filters  dosed  by  siphons.  Filters  Nos.  3  to  7, 
inclusive,  were  operated  as  sand  filters,  each  containing  as  the  filtering 
medium  4i  feet  of  sand  underlain  by  1  foot  of  coke;  the  filters  were 
dosed  at  different  intervals  and  the  rates  of  filtration  were  varied. 
Determinations  of  albuminoid  ammonia  in  samples  of  sand  collected 
from  these  five  filters  on  November  26  are  given  in  Table  38.  Analy- 
ses by  G.  H.  Pratt  of  samples  of  the  efl3uents  from  all  the  filters  are 
detailed  in  Tables  31  to  37,  inclusive. 

2491— IRR  235—09 4 
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Table  38. — Albumirund  ammonia  in  sand  from  filters  ^  SaylesviUe,  R.  J.« 
[Milligrams  per  liter.] 


Source  of  sand. 

FUterNo. 

3. 

586 

232 

75 

45 

4.           5.         6. 

7. 

Surface 

558 

246 

66 

41 

129       248 

1&5      210 

6  65       101 

56        83 

555 

6  inches  down 

161 

2  feet  down              

121 

4  feet  down 

«7 

a  Analyses  by  Q.  H.  Pratt.  6  Sample  taken  a  little  more  than  2  feet  down. 

Filter  No.  1  was  operated  as  a  continuous  trickling  filter  four  days 
a  week  from  May  30  to  June  7,  but  the  distribution  of  the  liquor  over 
the  surface  was  poor.  The  filter  was  dosed  at  the  rate  of  70,000  gal- 
lons per  acre,  a  net  rate  of  40,000  gallons  per  acre  per  day.  It  was 
operated  as  an  intermittent  trickling  filter  dosed  by  a  siphon  with 
fair  distribution  over  the  surface  from  June  8  to  June  26,  the  dose 
being  applied  five  days  a  week  at  the  rate  of  70,000  gallons  per  acre, 
a  net  rate  of  50,000  gallons  per  acre  per  day. 

Filter  No.  2  was  operated  as  a  continuous  trickling  filter  four  days 
a  week  from  May  30  to  June  7.  The  distribution  of  liquor  over  the 
surface  was  poor.  The  filter  was  dosed  at  the  rate  of  120,000  gallons 
per  acre,  a  net  rate  of  70,000  gallons  per  acre  per  day.  It  was  oper- 
ated as  an  intermittent  trickling  filter  dosed  by  a  siphon  with  fair 
distribution  over  the  surface  from  June  8  to  June  14,  during  which 
period  the  dose  was  applied  five  days  a  week  at  the  rate  of  120,000 
gallons  per  acre,  a  net  rate  of  85,000  gallons  per  acre  per  day.  It 
was  operated  as  a  contact  filter  from  June  15  to  June  26,  with  one 
treatment  a  day  six  days  in  a  week.  It  was  filled  in  an  hour,  and 
was  emptied  in  one-half  hour,  the  contact  lasting  eight  hours.  It 
was  dosed  at  the  rate  of  650,000  gallons  per  acre  per  day,  a  net  rate  of 
560,000  gallons  per  acre  per  day. 

Filter  No.  3  was  dosed  once  daily  six  times  a  week  from  May  30 
to  June  14,  at  the  rate  of  20,000  gallons  per  acre,  a  net  rate  of  17,000 
gallons  per  acre  per  day.  It  was  dosed  once  daily  three  times  a  week 
from  June  15  to  June  26,  at  the  rate  of  40,000  gallons  per  acre,  a  net 
rate  of  17,000  gallons  per  acre  per  day;  once  daily  six  times  a  week 
from  June  27  to  October  15,  at  the  rate  of  20,000  gallons  per  acre,  a 
net  rate  of  17,000  gallons  per  acre  per  day;  and  once  daily  six  times  a 
week  from  October  16  to  November  26,  at  the  rate  of  40,000  gallons 
per  acre,  a  net  rate  of  34,000  gallons  per  acre  per  day.  On  Septem- 
ber 11  the  surface  of  the  sand  was  leveled  on  account  of  a  slight 
depression  in  the  middle.  On  October  11  the  sand  was  apparently 
in  as  good  condition  as  when  operation  of  the  filter  began.  No  clog- 
ging and  only  slight  discoloration  of  the  surface  was  evident.     On 
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November  26  the  sand  in  the  center  for  about  2^  feet  down  was  con- 
siderably darker  in  color  than  that  on  the  sides. 

Filter  No.  4  was  dosed  once  daily  six  times  a  week  from  May  30 
to  June  14,  at  the  rate  of  40,000  gallons  per  acre,  a  net  rate  of  34,000 
gallons  per  acre  per  day,  and  once  daily  three  times  a  week  from  June 
15  to  June  26,  at  the  rate  of  60,000  gallons  per  acre,  a  net  rate  of 
26,000  gallons  per  acre  per  day. 

During  the  rest  of  the  time  that  it  was  operated,  except  the  period 
from  September  27  to  October  7,  the  filter  was  dosed  once  daily  at 
the  rate  of  30,000  gallons  per  acre,  a  net  rate  of  26,000  gallons  per 
acre  per  day.  On  September  11  the  surface  was  leveled  on  account 
of  a  slight  depression  in  the  sand.  On  September  27  the  surface  of 
the  sand  was  black  and  the  filter  had  hardly  become  dry  from  the 
dose  of  the  day  before.  Wet  weather  prevailed  at  that  time,  and 
the  dosing  was  delayed  until  the  sand  had  become  dry.  By  October 
11  the  condition  of  the  surface  had  become  much  improved  and  the 
filter  was  apparently  disposing  of  the  dose  satisfactorily,  but  there 
was  some  question  as  to  whether  the  filter  would  remain  efficient 
without  being  scraped.  During  the  first  part  of  November  the  dose 
just  disappeared  from  day  to  day,  and  on  November  13  a  small 
amount  of  liquor  was  still  on  the  surface  of  the  sand,  which  was  black 
with  a  slimy  deposit.  On  November  26  the  surface  of  the  sand  was 
dark-colored  for  about  8  inches  down  from  the  surface,  but  it  was 
fairly  clean  below  that  point. 

Filter  No.  5  was  dosed  once  daily  six  times  a  week  from  May  30 
to  June  14  with  a  dose  equivalent  to  80,000  gallons  per  acre,  a  net 
rate  of  69,000  gallons  -per  acre  per  day.  From  June  15  to  June  26 
it  was  dosed  once  daily  three  times  a  week,  at  a  rate  of  80,000  gallons 
per  acre,  a  net  rate  of  34,000  gallons  per  acre  per  day.  From  June 
27  to  July  24  the  dose  was  equivalent  to  40,000  gallons  per  acre  six 
times  a  week,  a  net  rate  of  34,000  gallons  per  acre  per  day.  From 
July  25  to  August  8  the  dose  was  equivalent  to  80,000  gallons  per 
acre  six  times  a  week,  a  net  rate  of  69,000  gallons  per  acre  per  day. 
From  August  8  to  September  1  the  dose  was  applied  three  times  a 
week  at  the  rate  of  80,000  gallons  per  acre,  a  net  rate  of  34,000  gal- 
lons per  acre  per  day.  From  September  12  to  November  26  the  dose 
was  at  the  rate  of  60,000  gallons  three  times  a  week,  a  net  rate  of 
26,000  gallons  per  acre  per  day.  Surface  clogging  was  apparent  on 
July  31,  and  on  August  5  about  one-quarter  inch  of  the  surface  sand 
was  removed.  During  the  latter  part  of  August  the  filter  was  not 
disposing  of  the  dose  satisfactorily,  and  though  it  had  not  received  a 
dose  for  ten  days  the  filter  was  still  wet  on  September  11.  A  con- 
siderable depth  of  very  black  sand  with  a  slimy  coating  on  top  at 
that  time  necessitated  removal  of  about  3  inches  of  sand  near  the. 
perimeter  and  about  8  inches  at  the  center,  after  which  the  filter  was 
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leveled  and  resurfaced  with  6  inches  of  new  sand.  By  November  26 
the  sand  had  become  nearly  black  for  a  depth  of  8  inches,  except  at 
the  center,  where  it  was  dark-colored  for  a  depth  of  2  J  feet.  Other- 
wise the  filter  was  in  good  condition. 

Filter  No.  6  was  dosed  with  the  raw  liquor  twice  a  day  six  times 
a  week  from  July  13  to  August  21,  with  an  amount  equivalent  to 
10,000  gallons  per  acre,  a  net  rate  of  17,000  gallons  per  acre  per  day; 
and  once  dail>  six  times  a  week  from  August  22  to  September  27 
and  from  October  7  to  October  11,  at  the  rate  of  30,000  gallons  per 
acre,  a  net  rate  of  26,000  gallons  per  acre  per  day.  From  October  12 
to  November  26  septic  liquor  was  applied  at  the  rate  of  60,000  gallons 
per  acre  three  times  a  week,  a  net  rate  of  26,000  gallons  per  acre  per  da}'. 
On  September  1 1  a  slimy  deposit  on  the  sand  was  found  to  retard  the 
operation  of  the  filter,  but  tlie  film  was  not  disturbed.  On  September 
27  the  deposit  was  found  to  be  so  much  thicker  that  dosing  was  dis- 
continued till  October  7,  when  the  surface  had  become  thoroughly 
dry.  On  October  11  practically  all  the  previous  dose  was  still  on 
the  filter;  after  the  surface  seal  had  been  broken  in  order  to  allow 
the  liquid  to  drain  into  the  filter,  3  inches  of  dark-colored,  slimy 
sand  was  removed.  The  considerable  amount  of  discolored  sand 
that  was  left  was  mixed  with  a  trowel,  and  3  inches  of  new  sand  was 
put  on  the  surface.  Though  septic  liquor  was  applied  instead  of 
raw  liquor  after  that  experience,  the  rate  of  filtration  had  become 
materially  decreased  at  the  end  of  October  and  the  sand  did  not 
become  dry  between  doses.  On  November  13  the  surface  of  the 
sand  was  discolored  and  slimy  and  filter  was  not  dry.  On  November 
26  the  sand  was  very  dark-colored  at  the  surface,  and  nearly  black 
between  6  and  12  inches  in  depth,  but  the  rest  of  the  sand  was  in 
good  condition. 

Filter  No.  7  was  dosed  twice  a  day  six  times  a  week,  from  July  13 
to  August  21,  at  the  rate  of  10,000  gallons  per  acre,  a  net  rate  of 
17,000  gallons  per  acre  per  day;  and  from  August  22  throughout 
the  operation  of  the  filter  it  was  dosed  twice  a  week  at  the  rate  of 
90,000  gallons  per  acre,  a  net  rate  of  26,000  gallons  per  acre  per  day. 
The  surface  of  the  filter  received  no  attention  except  on  September 
11,  when  the  sand  was  leveled  on  account  of  a  depression  in  the 
middle.  On  November  26  the  sand  was  in  good  condition  and 
clean  for  about  2  feet  below  the  surface,  then  for  about  1  foot  it  was 
slightly  discolored.     Below  that  layer  the  sand  was  in  good  condition. 

Results  of  experimental  work. — Table  39  presents  a  summary  of  the 
analytical  results  of  work  at  Saylesville,  together  with  the  percentage 
removals  of  organic  matter  effected  by  the  different  filters;  the 
averages  of  the  analyses  of  raw  and  septic  liquor  are  used  as  the  bases 
of  the  computations.  The  rates  of  filtration  and  some  other  essential 
data  are  also  included. 
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The  unsatisfactory  work  done  by  filters  Xos.  1  and  2,  operating 
as  trickling  coke  and  as  contact  filters,  warrants  their  exclusion 
from  any  further  consideration;  the  best  purification  accomplished 
by  filter  No.  1,  operated  as  a  trickling  filter  at  the  low  rate  of  50,000 
gallons  per  acre  per  day  and  dosed  with  septic  liquor,  showed  the 
removal  of  only  about  30  per  cent  of  the  organic  matter.  The  work 
done  by  the  intermittent  sand  filters  showed  variations  which  were 
dependent  on  the  changes  in  the  rates  and  on  the  general  condition 
of  the  filters  in  respect  to  clogging.  The  following  conclusions 
seem  warranted,  after  a  careful  consideration  of  all  phases  of  the 
question : 

1.  Filtration  of  the  raw  liqour  from  the  storage  tank  gives  good 
removal  for  a  time,  but  the  bed  soon  becomes  clogged.  The  use  of 
the  septic  tank  is  desirable,  for  it  insures  a 'better  general  condition 
of  the  filters  although  the  quality  of  the  effluent  may  be  somewhat 
inferior. 

2.  The  septic  period  used  in  this  work — about  sixteen  hours — 
seems  to  be  satisfactory.  Occasional  seeding  of  the  tank  with 
fresh  sewage  sludge  would  probably  improve  the  action. 

3.  The  use  of  rates  exceeding  26,000  gallons  per  acre  per  day 
appears  to  reduce  the  efficiency  of  the  filters  and  renders  their  efflu- 
ents unsatisfactory.  Clogging  of  the  surface  results  in  a  compara- 
tively short  time. 

4.  It  is  better  to  apply  the  liquor  to  the  fflters  in  large  doses  with 
long  intermediate  intervals  rather  than  in  smaller  doses  more  fre- 
quently. This  is  emphasized  by  the  satisfactory  work  and  condition 
of  filter  No.  7  during  a  four  months'  run.  The  occasional  removal 
of  a  few  inches  of  sand  and  resurfacing  maintains  a  satisfactory 
condition  of  filter  and  effluent. 

5.  No  oxidation  to  nitrites  and  nitrates  can  be  expected  in  ffltra- 
tion  of  this  waste  at  the  rates  used. 

6.  The  liquor  can  be  filtered  after  septic  treatment  with  good 
results  (80  to  85  per  cent  removal  of  organic  matter),  at  rates 
approximating  25,000  gallons  per  acre  per  day  by  dosing  the  beds 
with  90,000  gallons  twice  a  week.  If  the  net  rate  of  ffltration  is 
maintained  at  20,000  gallons  per  acre  per  day,  over  85  per  cent 
removal  of  organic  matter  is  effected. 

ESTIMATES   OF   COST. 

The  approximate  cost  of  a  purification  plant  to  treat  lime-boil 
and  caustic-boil  liquors,  and  the  cost  of  its  maintenance,  are  shown 
in  the  following  tables.  The  estimates  apply  to  a  plant  including  a 
storage  or  equalizing  tank,  a  septic  tank,  and  intermittent  sand 
filters  capable  of  treating  60,000  gallons  a  day.  They  are  based 
on  the  costs  of  several  sewage-treatment  plants  in  New  England. 
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Table  40. — EHvmaUs  of  cost  of  installing  hier-boil  liquor  treatment  plant. 


Rate  of  fil- 
tration in 
gallons  per 
acre  per 
day. 

FiltraUon 
area. 

Total  cost. 

Cost  per 

daily  ca- 
pacity. 

15,000 
20,000 
25,000 
30,000 

Acres, 
4.0 
3.0 
2.4 
2.0 

120,000 
16,000 
13,600 
12,000 

S330 
270 
230 
200 

Table  41. — Estimates  of  annual  maintenance  costs  for  kier-boil  liquor  treatment  plant. 


Rate  of  filtration  in  gallons  per  acre  per  day. 

Interest  on  investment 

Depreciation  and  repairs 


15,000 

11.000 

$840 

S640 


20,000 
$800 
$820 
$480 


Cost  per  1,000  gallons cents. 


$2,480 
13.8 


$2,100 
11.7 


25,000 
$680 
$800 
$380 


$1,860 
10.3 


30,000 
$600 
$780 
$320 


$1,700 
9.5 


The  foregoing  estimates  are  believed  to  cover  all  usual  cases  and 
they  can  probably  be  reduced  considerably  for  most  installations. 

SUMMARY. 

Bleaching  processes  give  rise  to  the  discharge  of  great  quantities 
of  waste  waters  which  are  undesirable  additions  to  streams. 

The  dilute  mixed  waste  wafers  have  been  partly  purified  in  prac- 
tice in  England  and  experimentally  in  Massachusetts.  These  instal- 
lations indicate  that. sedimentation,  precipitation,  and  septic  treat- 
ment are  satisfactory  only  as  preliminary  processes;  that  the  degree 
of  purification  increases  in  the  order  in  which  the  processes  are 
named;  and  that  the  best  secondary  treatment  is  bacterial  filtration, 
chlorine  solutions  being  excluded.  Sprinkling  filters  and  sand 
filters  have  done  satisfactory  work,  but  contact  filters  have  proved 
unsatisfactory. 

The  investigations  of  the  authors  show  that  1  per  cent  of  the  entire 
volume  of  waste  waters  contains  about  40  per  cent  of  the  mineral 
pollution  and  65  per  cent  of  the  organic  pollution  from  a  bleachery. 
This  small  portion  of  the  waste  consists  of  the  waste  kier  liquors 
produced  by  boiling  the  imbleached  cloth  with  caustic  soda  or 
caustic  lime.  If  the  watcjrs  derived  from  rinsing  the  cloth  after 
boiling  are  included,  15  per  cent  of  the  total  volume  of  waste  waters 
contains  61  per  cent  of  the  mineral  and  98  per  cent  of  the  organic 
pollution  from  a  bleachery. 

Laboratory,  experiments  indicate  that  neutraUzation  of  the  con- 
centrated kier  liquors  by  acid  produces  a  voluminous  precipitate  but 
results  in  little  actual  purification.  The  lime  sludge  from  the  chloride 
of  lime  solution  tanks  precipitates  lime-boil  Uquors  and  removes  about 
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one-third  of  the  volatile  solids,  but  such  treatment  is  ineffective  for 
caxistic-boil  liquors. 

Field  experiments  on  mixed  kier  liquors  covering  a  period  of  six 
months  indicate  that  septic  t^e^.tment  followed  by  sand  filtration 
at  rates  not  exceeding  30,000  gallons  per  acre  per  day  removes 
80  to  85  per  cent  of  the  organic  matter  that  the  waste  contains. 
This  is  accompanied  by  still  greater  reduction  of  the  polluting  quali- 
ties and  by  marked  improvement  in  the  appearance  of  the  Uquor, 
probably  rendering  it  incapable  of  causing  a  nuisance  even  in  a 
small  stream.  The  cost  of  this  treatment  amounts  to  about  10 
cents  per  1,000  gallons.  In  this  way  50  to  55  per  cent  of  the  organic 
matter  in  all  wastes  from  the  bleachery  may  be  removed  at  a  cost 
of  about  0.1  cent  per  1,000  gallons. 

THE  MANUFACTURE  OF  OLEOMARGARINE,  FERTIUUSER, 

AND  GliUE. 

PROCESSES  AND  WASTE  WATERS. 

Oleomargarine  and  other  butter  substitutes  are  made  from  mix- 
tures of  animal  and  vegetable  oils.  Tallow  and  lard,  the  most  im- 
portant sources  of  stock,  are  contained  in  membranous  cells  which 
soon  putrefy  and  cause  the  fats  to  become  rancid.  Therefore  the 
stock  is  washed  and  cooled  with  water  and  rendered  to  obtain  an 
oil  free  from  animal  tissue.  The  rendering  is  usually  accomplished 
by  digestion  with  steam  under  about  50  pounds  pressure  in  iron 
containers.  The  cell  walls  are  broken  down  and  the  melted  fat, 
which  rises  above  the  tissue  or  **  cracklings"  and  the  water,  can 
be  decanted.  The  impure  water  is  discharged  as  sewage  or  utilized 
for  recovery  of  valuable  materials. 

A  large  amount  of  fertilizer  is  made  from  slaughterhouse  wastes, 
such  as  blood,  waste  meat,  bones,  hoofs,  hair,  tainted  meat,  dis- 
eased animals,  and  tankage  or  residue  from  rendering  and  glue- 
making  processes.  In  converting  these  substances  into  commercial 
fertiUzer,  blood  is  dried  at  a  moderate  heat  and  crushed  to  powder; 
bones  may  be  ground  without  preliminary  treatment,  or  they  may 
be  treated  with  a  volatile  solvent  or  boiled  wth  steam  to  remove 
fats  and  gelatin  and  then  ground  for  fertilizer;  and  tankage  is 
dried,  powdered,  and  mixed  with  other  fertilizing  material.  The 
valuable  ingredients  sought  for  in  all  stock  are  nitrogen,  potassium, 
and  phosphorus. 

Glue  is  prepared  from  animal  tissues,  which  on  heating  with  water 
lose  their  structure,  swell  up,  and  finally  go  into  solution.  When 
they  become  cool,  such  solutions  form  a  jelly  which  dries  into  the 
hard  translucent  mass  known  as  glue.  The  raw  material  includes 
hide  trimmings,  '^skivings,"  ''flesliings,"  and  other  untanned  refuse 
of  the  tannery;  earlaps,  heads,  feet,  tails,  and  other  slaughterhouse 
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offal;  and  ** green '*  or  fresh  bones.  Green  bones  are  used  in  manu- 
facturing '*bone  glue;''  the  other  materials  are  used  for  the  produc- 
tion of  *'hide  glue/' 

The  stock  for  hide  glue  is  salted,  washed,  and  then  mixed  with 
milk  of  lime  and  allowed  to  stand  for  several  weeks.  The  liming 
softens  and  swells  the  tissues,  converts  the  fats  ihto  Ume  soaps, 
and  dissolves  a  large  part  of  the  blood,  flesh,  coriin  and  other  mat- 
ters which  will  not  form  glue.  The  material  is  then  washed  in 
water  and  acid.  The  sewage  from  Uming  and  washing  is  largely- 
used  for  fertiUzer. 

Bone  glue  is  not  essentially  different  from  hide  glue.  The  fatty 
matters  are  removed  from  the  fresh  bones  by  boiling  with  water 
and  skimming  or  by  extracting  with  a  volatile  solvent.  The  bones 
are  then  crushed  and  treated  with  dilute  acids  to  remove  calciimi 
phosphate  and  other  salts,  which  are  valuable  as  fertilizers.  Washing 
with  lime  water  removes  traces  of  acid. 

The  stock  for  bone  or  hide  glue,  having  been  cleansed  by  the 
treatment  just  described,  is  boiled  with  water  or  steamed  in  a  digester 
until  practically  all  the  glue-forming  material  has  been  dissolved. 
Several  successive  boilings  may  be  used.  The  glue  solution  is  filtered, 
evaporated  to  the  desired  consistency  in  a  vacuum  pan,  and  run 
into  trays  in  which  it  cools  and  forms  a  jelly,  which  is  cut  into  plates 
and  dried  for  market. 

It  may  be  seen  from  the  foregoing  descriptitm  that  the  industries 
of  making  oleomargarine,  fertilizer,  and  glue  are  closely  alUed.  The 
raw  materials  are  the  wastes  from  slaughterhouses  and  markets.  The 
processes,  however,  vary  greatly  in  different  establishments.  In  one 
plant  utilizing  these  raw  materials  attention  may  be  given  to  the 
manufacture  of  a  single  product.  In  another  plant  all  by-products 
may  be  taken  into  account  and  the  sewage  or  waste  waters  from 
one  process  may  be  utilized  to  the  fullest  extent  as  raw  materials 
for  the  manufacture  of  a  secondary  product.  A  detailed  descrip- 
tion of  processes  would  not,  therefore,  be  of  general  apphcation, 
and  variaticm  in  concentration  and  in  difficulty  of  purificaticm  of 
waste  waters  is  to  be  expected  with  variation  in  processes  and  prod- 
ucts of  manufacture.  The  L.  B.  DarUiig  Fertilizer  Company,  at 
whose  establishment  experimental  work  was  conducted,  attempts 
to  recover  the  greatest  possible  amoimt  of  valuable  material  from 
the  stock  that  is  used;  consequently,  the  waste  waters  are  small 
in  quantity  and  low  in  concentratiim  as  compared  with  the  sewage 
from  plants  that  are  less  economically  operated. 

Practically  the  only  waste  from  this  plant,  and  the  waste  that  was 
used  in  the  experimental  work,  was  the  discharge  over  a  weir  in  the 
last  of  a  series  of  boxes,  or  tanks,  through  which  a  waste  liquor  was 
passed  for  the  purpose  of  increasing  the  recovery  of  fat  and  animal 
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tissue  by  gathering  the  scum  and  the  sediment.  This  liquor  is  a 
waste  from  'Hankage/'  and  the  greater  part  of  the  fatty  matter  has 
been  taken  from  it  before  it  is  run  into  the  boxes.  The  writers  have 
found  no  account  of  experimental  filtration  of  a  waste  similar  to  that 
from  the  series  of  skimming  tanks.  It  is  a  putrescible,  ill-smelling 
liquor,  very  hi^h  in  oi^anic  matter  in  solution  and  in  suspension, 
both  carbonaceous  and  nitrogenous.  The  nitrogen  content  is 
enormous,  because  of  the  animal  composition  of  the  materials  used 
at  the  plant.  It  is  extremely  high  in  bacterial  life,  the  number  of 
organisms  per  cubic  centimeter  being  invariably  in  the  millions.  The 
average  for  ten  samples  is  13,800,000  bacteria  per  cubic  centimeter. 
Other  characteristics  are  high  turbidity,  very  great  sediment,  and  a 
dirty-brown  color. 

Analyses  of  samples  of  this  waste  show  that  it  is  extremely  variable 
in  strength.  Twelve  samples  give  an  average  figure  for  organic 
nitrogen  of  979  parts  per  million,  and  for  oxygen  consumed  of  988 
parts  per  million.    The  detailed  analyses  are  given  in  Table  42. 
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EXPERIMENTAL  PURIFICATION  OF  WASTES. 
OPERATION    OF   PURIFICATION   PLANT. 

Sand  filtration  without  preliminary  treatment  was  conducted  from 
July  26  to  November  14,  1907.  Two  galvanized-iron  filters,  20  inches 
in  diameter,  were  kept  in  operation,  out  of  doors  and  uncovered, 
throughout  the  period.  Both  filters  contained  4  J  feet  of  sand,  hav- 
ing an  effective  size  of  0.23  millimeters  and  a  uniformity  coefficient 
of  3.4.  Three  or  four  inches  of  fine  cinders,  not  screened  and  con- 
taining a  little  dust,  supported  the  sand,  and  these  cinders  in  turn 
rested  on  8  or  10  inches  of  larger  cinders. 

Filter  No.  1  was  started  at  the  rate  of  approximately  20,000 
gallons  per  acre  per  day.  This  dose,  applied  once  a  day  for  six  days 
in  the  week,  was  continued  till  August  21,  when  it  was  increased  to 
100;000  gallons  a  day.  The  dose  was  made  40,000  gallons  a  day 
on  September  12,  and  it  was  decreased  to  the  original  dose  of  20,000 
gallons  a  day  on  October  22.  The  surface  of  the  filter  was  not  raked 
during  the  run,  except  when  removals  of  sand  were  made,  at  which 
time  the  surface  was  leveled  before  dosing  the  filter  was  resumed. 
The  behavior  of  this  filter  demonstrated  that  surface  clogging  occurs 
at  any  of  the  rates  that  were  tried  and  that  the  interval  between 
cleanings  is  dependent  on  the  size  of  the  dose,  being  necessarily  more 
frequent  with  the  higher  rates.  While  the  rate  of  dosing  was  100,000 
gallons  a  day  the  filters  clogged  so  badly  that  it  was  difficult  to  apply 
the  entire  dose  from  day  to  day, because  so  much  of  the  previous  dose 
was  left  on  the  filter  that  there  was  not  room  above  the  sand  for  more 
liquor. 

The  condition  of  the  surface  finally  became  so  bad,  the  sand  being 
discolored  and  covered  with  a  slimy  deposit,  that  it  became  neces- 
sary, on  September  11,  to  remove  about  IJ  inches  of  the  sand  on  top. 
No  new  sand  was  put  on,  but  the  surface  was  leveled.  Dosing  was 
resumed,  but  at  the  rate  of  40,000  gallons.  The  same  condition  of 
slow  drj'ing  soon  developed,  and  conditions  became  such  that  the 
surface  would  not  dry  from  day  to  day.  Consequently  a  slimy  layer 
about  one-eighth  inch  thick,  which  sealed  the  surface,  together  with 
half  an  inch  of  the  top  sand,  was  removed  on  October  21,  and  the 
surface  was  leveled  after  the  top  layer  of  3  to  4  inches  had  been 
mixed.  No  new  sand  was  put  on,  and  dosing  w^as  resumed  at  the 
20,000-gall(m  rate.  By  the  middle  of  November  surface  clogging 
was  again  apparent,  and  the  filter  was  gradually  approaching  the 
condition  noted  on  previous  occasions.  When  the  filter  was  dis- 
mantled on  December  13  dosing  had  been  discontinued  about  ten 
days.  The  sand  w  as  clean  in  appearance,  there  being  little  discolora- 
tion. The  clogging  was  caused  by  a  surface  deposit,  grayish  in  color, 
and  not  more  than  one-sixteenth  to  one-eighth  inch  thick  after  it  had 
dried  into  the  top  sand. 
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Filter  No.  2  was  started  at  a  rate  of  60,000  gallons  an  acre.  Dos- 
ing once  daily  for  six  days  a  week  was  continued  until  October  22. 
From  that  date  until  the  dismantling  of  the  filter  the  dose  was  applied 
ever}'  other  day  at  the  rate  of  40,000  gallons  per  acre  per  day,  making 
the  net  rate  for  tlie  latter  period  20,000  gallons  per  acre  per  day. 
An  inch  of  sand  was  removed  from  the  surface  of  the  filter  on  Sep- 
tember 11,  after  which  dosing  was  resumed  without  putting  on  new 
sand.  Sand  was  again  removed  on  October  21,  as  a  slimy  layer 
about  one-eighth  inch  thick  was  sealing  the  surface  at  this  time. 
This  top  layer  and  about  one-half  inch  of  sand  was  removed;  the  sur- 
face was  then  leveled,  and  after  the  top  layer  of  3  to  4  inches  of 
sand  had  been  mixed  dosing  was  resumed  without  putting  on  new 
sand.  The  conditions  after  that  date  were  similar  to  those  existing 
in  filter  No.  1,  and  the  appearance  of  the  sand  when  the  filter  was  dis- 
mantled on  December  13  was  much  the  same  as  that  of  the  sand  in 
the  other  filter. 

When  the  experiments  were  discontinued  samples  of  sand  were 
collected  from  both  filters  at  the  top  inch,  at  6  inches  down,  and  at 
the  bottom.  The  results  of  tests  for  albuminoid  ammonia  and  loss 
on  ignition  on  these  samples  are  given  in  Table  43.  They  confirm 
what  was  noticed  regarding  the  satisfactory  condition  of  the.  sand 
below  the  surface  at  the  time  of  dismantling.  The  analyses  of  the 
sampler  from  the  top  inch  indicate  the  presence  of  a  large  amount  of 
nitrogenous  organic  matter  in  the  clogging  film. 


Table  43. — Partial  analyses  of  sands  after  use  in  Jiltration. 

Source  of  sample. 

Albuminoid 
ammonia. 

lx)S8on 
ignition. 

FaterNo.1: 

Top  Inch 

mmgratM 
per  liter. 
03, 156 

Percent. 
12.1 

6  Inches  down. 

145 

87 

.67 

Bottom 

.47 

FUter  No.  2: 

Top  Inch. .      

2,262 
147 
124 

7.3 

6  inches  down 

.57 

Bottom 

.51 

o  Probably  too  low. 

The  quality  of  the  eflBuents  from  the  filters,  as  determined  by 
analyses  of  samples  taken  at  about  10  a.  m.,  is  shown  in  Table  44. 


Digitized  by  VjOOQIC 


68 


PURIFICATION    OF   FACTORY    WASTES. 


I§    I 


6* 

I 


a 

•< 


I  I 


2g  .  . 

I;—   5   t,   0/ 


II 


•od 


&  £f-  £f  Sf  Q.E-2  3 

S  3  3  3  aTar^  - 


II 

>  > 


§^  s^s  sss  s^ 


oo     oos     ooo     oo 


Hd 


§§§  ill 


X- 


II  lis  i^  ^^ 


I 


i-'-  ^^1  W.  ^^ 

a^    sag    gz2    FS 


fi 


Digitized  by  VjOOQIC 


OLEOMARG.IRINE,   FERTILIZER,   AND   GLUE. 


69 


Experiments  were  made  witli  the  object  of  coagulating  the  waste 
with  chemicals  in  order  to  obtain  a  decided  removal  of  organic  mat- 
ter before  filtration,  but  the  results  were  not  satisfactory.  The  addi- 
tion of  aluminum  sidphate  resulted  in  excellent  clarification  on  several 
occasions,  but  at  other  times  the  coaguliun  had  no  effect  whatever, 
and  the  addition  of  soda  ash  did  not  aid  coagulation.  Copperas  and 
lime  also  were  tried,  but  the  results  were  not  encouraging. 

RESULTS   OF   FILTRATION. 


A  summary  of  the  determinations  of  organic  nitrogen,  organic 
nitrogen  plus  free  ammonia,  and  oxygen  consumed  for  the  filter 
eflBuents,  together  with  the  percentage  of  removal  by  filtration  repre- 
sented by  these  estimates,  is  given  in  Table  45. 

Table  45. — Summary  of  results  of  filtration  at  the  establishment  of  the  L.  B.  Darling 

Fertilizer  Company. 


Source  of  sample. 


Crude  waste 

Effluent,  Alter  1.. 

Do 

Do 

Do 

Effluent,  filter  2.. 

Do 


Num- 
ber of 
sam- 
ples an- 
alyzed 


Num- 
ber of 
doses 
weekly. 


Net  rate 
of  filtra- 
tion (gal- 
lons per 
acre  per 
day,  ap- 
proxi- 
mately). 


Vmiigrams  per  liter. 


I'eroentage  of  removal.^ 


20,000 
100,000 
40,000 
20,000 
60,000 
20,000 


I 


Organic 
nitro- 
gen. 


979 
38 
28 
32 
35 
20 
26 


Organic 
nitrogen 

+  free 
ammonia. 


1,136 
352 

686 
674 
678 
618 
766 


Organic 
nttro- 

Organic 
nitrogen 

Oxygen 
con- 

Oxygen 
con- 

gen. 

+freeam- 
moma. 

sumed. 

sumed. 

A.!b. 

A. 

B. 

A. 

B. 

988 
65 

96     97 

69 

74 

94 

94 

69 

97     97 

40 

34 

93 

92 

121 

97 

97 

41 

40 

88 

88 

140 

96 

97 

40 

48 

86 

90 

78 

98 

98 

46 

49 

92 

92 

133 

98 

98 

33 

42 

86 

90 

^Columns  A  are  calculated  from  the  average  of  12  samples  of  crude  waste  as  a  basis,  but  columns  B  are 
calculated  from  the  samples  of  crude  waste  that  were  collected  when  the  corresponding  samples  of  filter 
effluent  were  taken. 

The  figures  for  percentage  of  removal,  based  on  the  estimates  of 
organic  nitrogen  and  oxygen  consumed  under  widely  different  rates 
of  filtration,  are  almost  uniformly  high.  The  decomposition  of  organic 
nitrogen  is  nearly  the  same  in  all  cases,  but  the  completeness  of  the 
oxidation,  indicated  by  free  ammonia,  varies,  showing  some  advan- 
tages in  favor  of  the  lower  rates  of  filtration.  The  operation  and  the 
condition  of  the  filters  themselves  are  the  proper  sources  of  informa- 
tion regarding  the  best  rates  to  use. 

A  high  percentage  of  removal  of  organic  matter  can  be  effected  by 
filters,  but  constant  attention  to  the  surface  of  the  sand,  with  fre- 
quent scraping  and  ultimate  addition  of  new  sand,  would  be  necessary. 
It  is  doubtful  whether,  with  the  rate  as  low  as  20,000  gallons,  filters 
would  do  satisfactory  work  longer  than  five  or  six  weeks  unless 
attention  were  given  to  the  surface.     It  is  possible  that  a  rate  of 


Digitized  by  VjOOQIC 


70  PURIFICATION    OF   FACTORY    WASTES. 

60,000  gallons  could  be  used,  but  conditions  requiring  slight  saml 
removal  in  less  time  than  a  month  would  probably  result.  If  atten- 
tion were  not  given  to  the  surface  when  needed,  a  nuisance  would 
probably  result  from  the  odors  given  off  by  the  putrid  waste,  but  if 
the  surface  were  kept  fairly  open,  thus  allowing  the  liquor  to  get 
quickly  below  the  surface,  such  trouble  might  be  avoided.  Prelim- 
inary filtration  at  a  rate  of  about  60,000  gallons,  followed  by  a  second 
filtration  at  the  same  or  even  a  little  higher  rate,  would  give  excellent 
results. 

It  would  be  advisable  to  construct  near  the  filters  a  storage  or 
dosing  tank  capable  of  holding  one  day's  flow,  in  order  to  avoid  the 
necessity  of  continual  discharge  on  the  surface  of  the  sand.  Consid- 
erable sediment  and  scum  would,  of  course,  collect  in  the  storage  tank, 
and  the  supernatant  hquor  would  not  clog  the  sand  nearly  so  rapidly 
as  the  waste  itself.  The  interval  between  scrapings  would  also  be 
longer,  and  the  accumulated  scum  and  sediment  could  be  treated  like 
the  material  now  recovered  in  the  series  of  tanks.  If  filtration  were 
interrupted  by  severe  winter  weather,  such  conditions  would  prevail 
only  for  a  comparatively  short  period  and  that  at  a  time  when  the 
crude  waste  would  do  least  damage  to  a  stream.  The  waste  liquor, 
even  then,  would  be  considerably  reduced  in  strength  by  sedimenta- 
tion in  the  storage  tank,  which  would  increase  the  organic  matters 
returned  for  utilization. 

COSTS   OiT    FILTRATION. 

Table  46  gives  estimates  of  the  costs  of  installation,  operation,  and 
maintenance  of  a  plant  for  purifjang  tank  waste  from  establishments 
similar  to  that  of  the  L.  B.  Darling  Fertilizer  Compan3\  The  esti- 
mates are  based  on  the  results  of  experiments  with  the  waste  from 
the  factory  just  mentioned.  The  installation  provides  for  sand  filtra- 
tion and  for  a  tank  for  storing  one  day's  supply  of  liquor,  25,000 
gallons. 

Table  4ii.—Jisti mates  of  rost  of  plant  for  Jihering  tank  waste. 


Nft  rat4^  of 

I     ^'IXn?      Filtration 
r      (gallons  ^^ 

per  acre 

IxT  day ) . 


area. 


Annual 
n«^f  «f  t'ost  of         Cost  per 

^.OM  OI  •Tialn«fl_        I     1   nflrt    w«l. 


plant. 


mainte-    i  1,000  pal- 
nance  and  I      Ions, 
i  operation. 


Acret.  .  Cents. 

10.000              2.50  I  $11,000  $2,200  I  29.3 

20,0(0     I          1.2.5  I  G.OOO  1,200  -  laO 

40.000     '            .625  I  3.500  ,              700  ,  a  3 

GO.OOO                .417  I  2,700  I              540  I  7.2 

100,000    ,            .250  I  2.000  -100  I  5.3 
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The  c^st  of  operation  and  maintenance  is  based  on  fixed  charges  of 
15  per  cent  of  the  cost  of  the  plant  for  interest,  repairs,  and  deprecia- 
tion, and  5  per  cent  for  labor.  This  makes  ample  allowance  for  the 
high  concentration  of  the  waste,  for  usually  the  charges  are  about 
1 1  per  cent  and  3  per  cent,  respectively,  for  sewage-treatment  plants  of 
this  type.  The  tank  capacity  that  is  provided  allows  for  considerable 
sedimentation  and  for  a  dosing  tank. 

EVAPORATION— RECOVERY  TREATMENT  OF  WASTES. 
VALUE    OF   RECOVERED   PRODUCT. 

Table  47  gives  estimates  of  the  fertilizing  value  of  the  products 
obtained  by  evaporating  and  drying  25,000  gallons  of  tank  waste 
daily.  The  unit  values  for  nitrogen,  phosphoric  acid,  and  potash 
are  those  proposed  by  the  Massachusetts  agricultural  experiment 
station.* 

Table  47. — Estimated  value  of  products  obtained  by  evaporating  and  drying  tank  waste. 

VALUES  BASED  ON  A  COMPOSITE  SAMPLE  COLLECTED  JUNE  16, 1908. 


!"""K'''.:qSJ'X 


Organic  nitrogen  (N). . . 
Phosphoric  acid  (PfOj). 

Potash  as  KjO 

Total  solids 

Volatile  solids 

Fixed  solids 


perliter. 


505 

106 

126 

5,300 

4,190 

1,110 


Ions. 


Value  per 
pound. 


Value  per 
1,000  gal- 
lons. 


Value  per 
day. 


4.96 

$ai85 

I0.91S 

S22.94 

.88 

.05 

.044 

Lie 

L05 

•    .06 

.052 

L31 

44.2 

.023 

1.014 

25.35 

34.9 

.026 

.918 

22.94 

9.3 

.010 

.096 

2.41 

VALUES  BASED  ON  AN  AVERAGE  OF  TWO  COMPOSITE  SAMPLES  AND  A  MEAN  OF  U 

SNAP  SAMPLES. 


Organic  nitrogen  (N). . . 
Phosphoric  arid  (PfCh). 

Potash  as  KjO 

Total  solids 

Volatile  .solids 

Fixed  solids 


774 

6.45 

$0,185 

11. 195 

ol38 

L15 

.050 

.058 

a  164 

L37 

.050 

.068 

o6,900 

57.5 

.023 

1.321 

a  5, 450 

45.4 

.026 

L195 

a  1,450 

12.1 

.010 

.126 

$29.88 

1.44 

1.71 

33.03 

29.88 

3.15 


o  Estimated  from  ratio  to  nitrogen  in  sample  of  Jiuie  10, 1908. 

This  shows  the  value  of  the  waste  based  on  the  average  to  be  $1.32 
per  1,000  gallons. 

COST   OF  TREATMENT. 

The  next  natural  question  is  the  cost  of  installation  of  a  complete 
independent  plant  operating  ten  hours  a  day  and  a  similar  estimate 
for  the  plant  probably  required  as  an  addition  to  a  factory.  These 
%ures  are  as  if  olio  ws: 

o  Bull.  No.  51.  March,  IMM. 
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Estimated  cost  of  plant  for  evaporating  and  drying  t5,000  gallons  of  tank  wastf  daily. 

Complete  independent  plant: 

Boilers  and  setting,  flues,  stack,  feed  pumps,  coal  pocket, 

piping,  and  heaters $8, 000 

Evaporator  (triple-effect) 10, 000 

Dryer 500 

Building 3, 500 

Incidentals 2, 000 

24,000 

Plant  probably  required  as  an  addition  to  a  factory: 

Boilers  and  setting,  flues,  feed  pumps,  piping,  and  heaters. .  5, 400 

Evaporator  (triple-effect) 10, 000 

Building 1,000 

Incidentals 1, 500 

17,900 

The  cost  of  operation  of  both  of  the  above-described  plants,  the 
complete  plant  and  the  probable  addition  to  the  existing  plant,  is  of 
course  the  figure  to  determine  the  practicability  of  the  recovery 
process  as  applied  to  the  waste.     These  estimates  are  as  follows: 

Estimated  cost   of  operation  of  plant  for  evaporating  and  drying  25y000  gallons  oj 

tank  waste  aaily. 

Complete  independent  plant: 

Fixed  charges  (11  per  cent) $2, 607. 00      • 

Attendance  ($33  per  week) 1,  716. 00 

Coal  (1 ,500  tons,  at  $4 .50) 6, 750. 00 

Supplies 227. 00 

Total  annual  cost 11, 300. 00 

Cost  per  day 37.  67 

Cost  per  1 ,000  gallons 1.  51 

Plant  probably  required  as  an  addition  to  a  factory: 

Fixed  charges  (11  per  cent) 1, 969. 00 

Attendance  ($17  per  week) 884.  00 

Coal  (1,500  tons,  at  $4.50) 6,750.00 

Supplies 227.  00 

Total  annual  cost 9,  830.  00 

Cost  per  day 32.  77 

Cost  per  1,000  gallons 1.  31 

CONCLUSIONS. 

As  the  value  of  the  waste  per  1,000  gallons  and  the  estimated  cost 
of  operating  the  plant  which  would  be  required  as  an  addition  are 
practically  identical,  evaporation  would  just  about  pay  for  itself  at 
this  plant  were  the  strength  of  the  waste  maintained  at  about  total 
solids — 6,900  parts  per  million  and  organic  nitrogen  774  parts  per 
million. 
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Reference  to  Table  47  shows  that  an  increase  of  52  parts  per  million 
in  total  solids  adds  1  per  cent  per  1,000  gallons  to  the  value  of  the 
waste.  If,  therefore,  the  more  dilute  portions  could  be  diverted  and 
only  the  more  concentrated  liquor  used  in  the  evaporation  plant,  a 
small  profit  would  undoubtedly  be  obtained.  The  figures  for  the 
complete  independent  plant  indicate  that  a  waste  containing  7,900 
parts  per  million  total  soUds  would  be  valued  at  $1.51  per  1,000  gal- 
lons, or  the  cost  of  operation  of  this  plant.  Thus  a  waste  of  greater 
sTOngth  than  the  one  just  mentioned  and  of  the  same  character  as 
that  with  which  the  experiments  were  made  could  be  handled  with  a 
margin  of  profit  in  an  independent  plant. 
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THE  QUALITY  OF  SURFACE  WATERS  IN  THE  UNITED 

STATES. 

FART  l.-ANALYSES  OF  WATERS  EAST  OF  THE 
ONE  HUNDREDTH  MERIDIAN. 


By  R.  B.  Dole. 


INTRODUCTION. 

In  the  present  period  of  increased  scrutiny  and  careful  analysis  of 
the  production  costs  of  industrial  processes  manufacturers  are  giving 
more  attention  than  formeriy  to  the  quality  of  water  supplies, 
because  water  in  some  form  is  necessary  for  the  operation  of  every 
mdustrial  establishment.  During  the  last  twenty  years  the  practical 
man  has  been  obliged  to  modify  his  views,  previously  limited  only 
by  the  quantity  of  available  water,  by  considering  the  part  of  his 
manufacturing  cost  that  is  due  to  the  use  of  water  imsuited  to  his 
processes.  In  the  adoption  of  water  for  domestic  supply  one  of  the 
most  important  features  that  aflFects  its  value  is  its  potability,  which 
is  determined  principally  by  its  freedom  from  dangerous,  ill-smelling, 
or  bad-tasting  organisms.  In  the  application  of  water  to  industrial 
use,  however,  biologic  features  are  usually  secondary  in  importance, 
and  the  suitability  of  the  supply  depends  on  the  amount  of  mineral 
matter  that  is  dissolved  or  suspended  in  it.  This  is  especially  true 
of  waters  which  are  used  for  steam  making,  for  paper  manufacture, 
and  for  some  other  processes.  The  hygienic  quality,  as  well  as  the 
physical  and  chemical  characteristics,  must  be  given  due  weight  in 
some  industries,  such  as  starch  making,  brewing,  distilling,  and  ice 
manufacture,  but  the  industrial  water  problem  is  primarily  a  con- 
sideration of  the  mineral  substances  contained  in  the  supplies.  As 
Water  dissolves  more  or  less  of  everything  with  which  it  comes  in 
contact,  natural  waters  contain  a  great  variety  of  matter  in  solution 
and  in  suspension,  and  their  relative  purity  depends  on  the  locality 
from  which  they  come.  Waters  that  have  percolated  through  lime- 
stone are  hard;  those  that  have  traversed  regions  of  alkali  are  alka- 
line; the  run-off  from  swamps  is  colored  and  contains  much  organic 
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matter;  the  drainage  from  populated  districts  is  polluted  by  disease- 
bearing  organisms  that  render  it  unpotable.  It  is  essential,  there- 
fore, to  study  the  composition  of  river  waters  and  their  adaptability 
to  diflFerent  industrial  processes. 

The  tremendous  importance  that  the  mineral  quality  of  water  has 
attained  in  these  fields  led  the  Geological  Survey  to  imdertake  a 
detailed  study  of  the  quality  of  industrial  water  supplies,  both  sur- 
face and  underground,  and  it  became  advisable  during  this  investi- 
gation to  procure  information  regarding  the  chemical  composition  of 
the  waters  of  the  lakes  and  streams  of  the  United  States.  This 
volume,  which  forms  Part  1  of  the  complete  report,  presents  the 
detailed  results  of  analyses  of  surface  waters  east  of  the  one  hundredth 
meridian.  It  gives  merely  the  methods  of  analysis,  the  location  of 
the  sampling  stations,  and  the  analytical  results,  because  the  demand 
for  the  data  has  been  great  enough  to  justify  the  publication  of  the 
analyses  before  their  detailed  discussion.  Part  2  wiU  discuss  the 
analyses  in  relation  to  stream  flow,  climate,  forestation,  geologic 
environment,  pollution,  and  other  factors.  Another  report  now  in 
preparation  will  consider  the  quality  of  the  waters  in  special  reference 
to  their  availability  for  industrial  use,  and  a  paper  on  chemical 
denudation  in  the  United  States  will  discuss  aqueous  erosion  in  rela- 
tion to  geologic  time.  For  river  waters  in  Illinois  only  the  average 
chemical  composition  is  given  in  the  present  volume,  as  detailed 
analyses  of  the  waters  from  that  State,  with  discussions,  are  to  be 
included  in  a  separate  report. 

PREVIOUS  INVESTIGATIONS. 

A  few  series  of  analyses  representing  samples  of  water  collected 
systematically  from  some  rivers  and  lakes  in  the  United  States  have 
been  published.  The  greater  part  of  such  work,  however,  has  been 
performed  for  the  purpose  of  obtaining  information  regarding  the 
potability  of  water  supplies  rather  than  regarding  their  availability 
for  industrial  use,  and  as  a  result  of  this  somewhat  one-sided  activity 
the  data  have  reference  to  inorganic  constituents  only  through  deter- 
minations that  are  more  or  less  incidental  in  sanitary  water  analysis. 
Yet  the  information  in  work  of  that  character,  especially  in  respect 
to  estimates  of  total  soUds,  chlorine,  hardness,  alkalinity,  and  iron,  is 
valuable  in  general  comparisons  and  is  worth  the  attention  of  those 
who  are  interested  in  the  mineral  characteristics  of  waters.  Espe- 
cially valuable  investigations  of  tliis  nature  have  been  conducted  at 
Boston,  Mass.,^  Lawrence,  Mass.,^  New  Orleans,  La.,^  New  York, 

o  Boston  Water  Board,  Ann.  Repts.,  ISSOetseq. 

6  Reports  of  the  Lawrence  sewage  experiment  station. 

«  Sewerage  and  Water  Board  Report,  New  Orleans. 
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N.  Y.,<»  Louisville,  Ky.,^  Cincinnati,  Ohio,*^  St.  Louis,  Mo.,**  and  in 
Massachusetts,*  Ohio,^  and  Illinois. ** 

Several  hundred  more  or  less  complete  analyses  of  surface  waters 
can  be  found  in  the  bulletins,  water-supply  papers,  and  other  reports 
of  the  United  States  Geological  Survey,  in  reports  of  state  geological 
surveys,  in  bulletins  of  agricultural  experiment  stations,  and  in  pub- 
lications of  scientific  societies.  Probably  a  still  larger  number  remain 
unpublished  in  the  hands  of  railroad  and  other  industrial  chemists, 
to  whom  the  composition  of  water  suppUes  is  extremely  important. 
All  such  data,  though  they  are  usually  excellent  in  quality  and 
undoubtedly  valuable  in  many  respects,  are  limited  in  their  applica- 
tion, because  the  small  number  of  samples  that  were  collected  from 
each  source  make  it  doubtful  whether  figures  representing  even 
approximately  the  maximum  and  minimum  conditions  of  quaUty 
were  encountered  and  whether  averages  of  such  analyses  represent 
the  average  chemical  composition  of  the  waters  considered. 

The  serial  analyses  of  waters  from  the  Rio  Grande  at  Mesilla, 
N.  Mex.,  by  Goss,^  and  from  Colorado  River  at  Yuma  and  Salt  River 
at  Mesa,  Ariz.,  by  Forbes  and  Skinner,*  deserve  separate  mention. 
In  1906  and  1907  series  of  samples  of  water  from  streams  in  the  arid 
States  were  analyzed  for  the  Reclamation  Service  by  C.  H.  Stone  and 
F.  M.  Eaton  under  the  direction  of  W.  H.  Heileman,  but  the  results 
of  that  study  have  not  yet  been  published. 

HISTORY  OF  THE  PRESENT  INVESTIGATION. 

In  the  spring  of  1905  arrangements  were  effected  under  which 
samples  of  water  from  Androscoggin  River  at  Brunswick,  Me.,  were 
collected  for  a  year  and  analyzed  by  Prof.  F.  C.  Robinson,  of  Bow- 
doin  College,  and  from  Mississippi  River  at  New  Orleans,  La.,  by 
J.  L.  Porter,  of  the  New  Orleans  Water  and  Sewerage  Board.  In  the 
winter  of  1905-6  a  cooperative  agreement  between  the  United  States 
Geological  Survey  and  the  State  Board  of  Examiners  of  CaUfomia 
was  effected,  under  which  samples  of  river  water  were  collected  at  20 
stations  in  that  State,  united  in  sets  of  ten,  and  analyzed.  This 
cooperation  continued  for  one  year  and  was  resumed  in  the  fall  of 

>  Report  of  the  commission  on  additional  water  supply  of  the  city  of  New  York,  1904. 

*  Fuller,  G.  W.,  Report  on  the  Investigations  Into  the  purification  of  the  Ohio  River  water  at  Louisville, 
Ky.,18Q8. 

c  Board  of  trustees  and  conimlssioners  of  waterworks,  Cincinnati:  Report  on  the  investigation  into  the 
purification  of  the  Ohio  River  water  for  the  improved  water  supply  for  the  city  of  Cincinnati,  Ohio,  1899, 

^  Reynolds,  A.  R.,  Report  of  streams  examination  of  the  waters  between  Lake  Michigan  at  Chicago  and 
the  Mississippi  River  at  St.  Louis,  1902.  Long,  J.  H.,  Chemical  and  bacterial  examinations  of  the 
waters  of  the  Illinois  River  and  its  tributaries;  report  of  the  sanitary  investigations  of  the  Illinois  River 
and  its  tributaries:  Illinois  State  Board  of  Health,  1901.  Palmer,  A.  W.,  Chemical  survey  of  the  waters 
of  Illinois:  Report  for  the  years  1897-1902,  University  of  Illinois,  1903. 

e  Hassachusetts  State  Board  of  Health,  Ann.  Repts.,  1890  to  date. 

t  Ohio  State  Board  of  Health,  Ann.  Repts.,  1898  to  date. 

9  QoBS,  Arthur,  Bull.  New  Mexico  Agr.  Exper.  Sta.  No.  34, 1900. 

A  Fortwa,  R.  H.,  and  Skinner,  W.  W.,  Bull.  Univ.  Arizona  Agr.  Exper.  Sta.  No.  44, 1902. 
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1907,  when  several  new  stations  were  established  for  daily  cdbcriTt 
of  water  samples.     Sixty-two  stations  were  established  in  July,  W. 
for  the  daily  collection  of  samples  of  water  from  the  principal  rive^ 
east  of  the  one  hundredth  meridian,  and  arrangemMits  were  maa^ 
for  the  collection  of  monthly  samples  from  each  of  the  Great  Likr- 
and  from  St.  Lawrence  River.     Shortly  after  that  time  a  cooperative 
agreement  was  effected  with  the  Illinois  State  Water  Survey,  the  Suu 
Geological  Survey  of  Illinois,  and  the  engineering  department  of  \^ 
University  of  Illinois  for  the  purpose  of  investigating  the  quiKtr  *i 
surface  waters  in  that  State,  and  26  sampling  stations  were  mainuiiKC 
for  one  year.     A  similar  arrangement  was  made  at  the  same  tm- 
with  the  Kansas  State  Board  of  Health  and  the  University  of  KaLst 
and  24  stations  for  the  collection  of  daily  samples  of  river  water  we* 
maintained  in  Kansas  also  for  one  year.     The  entire  investigiii* 
was  made  \mder  the  direction  of  M.  O.  Leighton,  chief  hydrogra|iff 
of  the  United  States  Geological  Survey. 

The  samples  collected  in  the  New  England,  Middle,  and  E*!4- 
Central  States  were  shipped  to  Washington,  D.  C,  where  they  ^tTi 
analyzed  by  R.  B.  Dole,  M.  G.  Roberts,  Chase  Palmer,  and  W.  P 
ColUns,  of  the  Survey.  Samples  collected  in  the  Southern  Sttv? 
were  shipped  to  Athens,  Ga.,  and  were  analyzed  in  a  branch  ls> 
oratory  at  that  point  by  J.  R.  Evans.  When  this  laboratory  wt? 
discontinued  in  May,  1907,  part  of  the  samples  were  transferred  r* 
a  laboratory  maintained  at  Norfolk,  Va.,  where  they  were  analyip: 
by  W.  D.  Collins.  The  analyses  of  waters  from  the  Middle-We5t#'3 
States,  except  Illinois  and  Kansas,  were  made  in  a  branch  l«b»>rs- 
tory  at  Iowa  City,  Iowa,  by  W.  M.  Barr,  H.  S.  Spaulding,  and  V*-- 
ton  Van  Winkle.  The  Illinois  analyses  were  performed  in  the  U*- 
oratory  of  the  state  water  survey  at  Urbana,  111.,  by  W.  D.  CoHia- 
and  C.  K.  Calvert.  The  Kansas  samples  were  shipped  to  Lawrenft 
Kans.,  where  they  were  tested  in  the  laboratory  of  the  Univeisb 
of  Kansas  by  F.  W.  Bushong  and  A.  J.  Weith,  under  the  directifi 
of  E.  H.  S.  Bailey.  The  analyBes  of  waters  collected  in  Califonia 
during  1906  were  made  in  the  Reclamation  Service  laboratory  i 
Berkeley,  by  F.  M.  Eaton  and  P.  L.  McCreary,  chemists  detail 
by  the  Geological  Survey.  The  Califomia  analyses  during  190T-^ 
were  made  in  the  same  laboratory  by  Walton  Van  Winkle.  Ttr 
gage-height  data,  chiefly  from  field  work  under  the  direction  f* 
J.  C.  Hoyt,  were  collated  by  Herman  Stabler. 
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for  the  collection  of  water  samples  in  South  Carolina,  Georgia,  and 
Alabama,  and  for  the  privilege  of  using  several  series  of  gage  heights. 
Through  the  courtesy  of  the  authorities  in  charge  at  the  University 
of  Iowa  and  the  University  of  Geoi^a  the  Survey  was  furnished 
with  laboratory  space  and  other  facilities  for  the  efficient  perform- 
ance of  analytical  work.  The  University  of  California  has  fur- 
nished quarters  for  the  laboratory  at  Berkeley  since  its  establish- 
ment in  the  spring  of  1905. 

The  cooperative  agreements  between  the  Geological  Survey  and 
the  state  authorities  in  California,  IlUnois,  and  Kansas  have  made 
possible  much  more  extended  studies  of  the  quality  of  surface  waters 
in  those  States  than  could  otherwise  have  been  undertaken. 

METHODS   OF  EXAMINATION. 

GENERAL  DISCUSSION. 

Discussion  of  the  chemical  analysis  of  waters  has  formed  an  appre- 
ciable part  of  technical  literature  for  many  years,  and  the  subject 
has  been  attractive  to  original  investigators  everywhere.  All  sorts 
of  methods  for  testing  water  have  been  recorded  in  scientific  lit- 
erature, and  many  of  them  have  survived  practical  use.  It  seems, 
therefore,  neither  profitable  nor  particularly  interesting  to  present 
in  great  detail  the  manipulative  technique  of  water  analysis,  and 
this  discussion  has  been  confined  more  particularly  to  other  phases 
of  the  problem.  Though  the  literature  in  respect  to  methods  is  abun- 
dant, comparatively  little  is  said  regarding  the  magnitude  of  the 
errors  in  common  practice,  the  limitations  of  the  methods,  and 
their  general  application;  consequently,  the  following  account 
gives  only  outlines  of  the  methods  that  were  employed,  with  notes 
of  departures  from  usual  practice,  but  it  considers  in  detail  the 
errors  of  the  determinations  and  their  general  availability.  It  was 
known  at  the  commencement  of  the  investigation  that  surface  waters 
are  different  from  one  another  in  their  mineralization,  and  that 
the  concentration  of  the  waters  changes  from  time  to  time.  The 
object  of  the  laboratory  work  was  to  measure  those  differences  and 
changes  in  quantitative  terms  accurately  enough  for  geologic  and 
industrial  interpretation.  When  a  chemist  is  examining  mineral 
waters  that  are  sold  as  beverages,  he  usually  considers  time  and 
expense  to  be  secondary  in  importance  and  he  is  enabled  to  avail  him- 
self of  the  highest  refinements  of  analytical  skill ;  but  when  he  is  testing 
waters  from  rivers  that  may  change  100  per  cent  in  their  miner- 
alization while  he  is  examining  one  sample,  he  is  not  justified  in  em- 
ploying such  accurate  procedure,  and  the  cost  of  it  is  prohibitive 
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when  a  large  number  of  samples  is  involved.  Estimates  of  the 
amounts  of  the  constituents  within  5  to  10  per  cent  are  usually  accu- 
rate enough  for  industrial  purposes,  and  that  degree  of  refinement 
is  sufficient  for  studying  fluctuations  in  the  quality  of  nearly  all 
surface  waters.  It  was  felt  that  in  the  present  investigation  meth- 
ods should  be  selected  that  would  be  sufficiently  accurate,  fairly 
inexpensive,  rapid  in  execution,  and  productive  of  results  available 
for  the  greatest  number  of  purposes.  With  these  facts  in  mind, 
therefore,  procedures  were  adopted  for  estimating  the  principal  acids 
and  bases  with  moderate  accuracy.  None  of  the  methods  is  new, 
and  most  of  them  have  been  recognized  by  competent  authority. 

COLLECTION  OF  SAMPLES. 

One  4-ounce  bottle  of  water  was  collected  daily  from  the  stream 
at  each  river  station  and  was  mailed  to  a  designated  laboratory. 
Empty  bottles,  thoroughly  cleaned  and  inclosed  in  mailing  cases, 
were  supplied  from  the  laboratories,  and  the  samples  were  shipped 
as  soon  as  possible  after  collection.  The  sampling  stations  were 
established  with  the  object  of  obtaining  water  as  nearly  representa- 
tive as  possible  of  the  average  stream  flow.  If  bridges  were  near  at 
hand  the  bottles  were  filled  in  midstream  by  lowering  them  into  the 
water  in  suitable  holders,  and  intake  pipes  also  were  utilized  at  a 
large  number  of  stations.  Where  neither  of  these  arrangements 
could  be  eflFected  the  samples  were  collected  either  from  a  boat  or  from 
the  bank  by  attaching  the  bottle  to  the  end  of  a  long  pole.  When 
the  samples  were  received  at  the  laboratories,  they  were  united  in 
sets  of  ten  consecutive  samples,  thus  making  for  analysis  a  composite 
sample  measuring  about  1,100  cubic  centimeters. 

DIVISION  OF  COMPOSITE  SAMPLE. 

After  the  composite  sample  had  been  thoroughly  mixed  by 
shaking,  portions  were  in  general  withdrawn  as  follows:  For  deter- 
mination of  suspended  soUds  and  for  filtration,  600  cubic  centimeters; 
for  determination  of  nitrates,  60  cubic  centimeters;  for  determina- 
tion of  chlorine,  100  cubic  centimeters;  for  determination  of  car- 
bonates and  bicarbonates,  60  cubic  centimeters.  This  left  410  cubic 
centimeters  for  reserve  in  case  of  accident.  It  was  necessary  to 
alter  these  amounts  for  some  rivers;  the  principal  changes  were 
decrease  of  the  amounts  used  for  determining  suspended  solids  and 
nitrates  and  increase  of  the  amount  used  for  determining  total  solids 
and  certain  dissolved  constituents.  As  changes  of  that  sort  affect 
the  accuracy  of  the  estimates,  they  are  noted  in  accoimts  of  the 
determinations  and  in  discussion  of  the  probable  errors. 
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TURBIDITY. 

The  determination  of  turbidity  was  made  on  part  or  on  all  of  the 
sample,  and,  as  this  determination  does  not  prevent  the  use  of  the 
water  for  other  procedures,  the  sample  \iathdrawn  for  this  purpose 
could  be  returned  to  the  bottle  if  desired.  Usually,  however,  the 
turbidity  determination  was  made  after  all  the  others  and  on  the 
reserve  portion.  The  Jackson  candle  turbidimeter  "  was  used  for 
estimating  turbidities  between  100  and  1,000  parts  per  million. 
Elstimates  of  turbidities  exceeding  1,000  parts  per  million  were  made 
on  a  portion  of  the  sample  properly  diluted  with  distilled  water.  All 
turbidities  have  been  referred  to  the  regular  silica  standard  recom- 
mended by  the  American  Public  Health  Association,*  which  can  be 
prepared  by  suspending  1  gram  of  thoroughly  dried  Pearls  precipi- 
tated fuller^s  earth  '^  in  1  liter  of  distilled  water.  Such  a  suspension 
has  a  turbidity  of  1,000  parts  per  million  and  it  gives  a  reading  of 
2.3  centimeters  in  the  standard  turbidimeter.  Turbidities  below 
100  parts  per  million  were  estimated  by  comparison  with  well-shaken 
dilutions  of  this  siUca  standard  in  250  cubic  centimeter  bottles  of 
clear,  colorless  glass. 

The  turbidimeter  consists  of  a  glass  tube  surrounded  by  a  cylin- 
drical brass  holder  supported  by  a  stand,  in  the  center  of  which  is  a 
standard  English  candle.  The  glass  tube  is  polished  at  the  bottom 
and  is  graduated  in  millimeters  from  the  bottom  upward.  The 
candle  is  automatically  adjusted  by  a  spring  so  that  its  flame  is 
always  3  inches  below  the  bottom  of  the  glass  tube.  The  water  in 
which  the  turbidity  is  to  be  estimated  is  poured  into  the  glass  tube 
until  the  image  of  the  lighted  candle  below  is  just  obliterated.  The 
depth  of  the  water  in  the  tube,  read  across  the  bottom  of  the  meniscus, 
is  referred  to  a  table  which  gives  the  turbidity  of  the  water  in  parts 
per  million  of  silica.  The  instrument  is  convenient  for  laboratory 
work,  and  as  its  source  of  light  is  the  standard  candle  it  is  ready  for 
use  at  all  times.  The  candle  should  be  kept  properly  trimmed  and 
not  be  in  a  draft.  The  most  accurate  results  are  obtained  by  mak- 
ing the  readings  in  a  dark  room  rapidly,  before  the  liquid  has  become 
heated  to  any  extent.  The  comparison  between  the  readings  of  the 
standard  turbidimeter  and  the  corresponding  parts  per  million  of 
suspended  silica  is  given  in  Table  1. 

oLelghton,  M.  O.,  The  field  assay  of  water:  Water-Supply  Paper  U.  S.  Geol.  Survey  No.  151, 1906,  pp. 
26-29. 

*  Report  of  the  committee  on  standard  methods  of  water  analysas  to  the  laboratory  section :  Public  Health 
Association,  Pub.  Health  Papers  and  Uepts.,  vol  .iO,  pt.  2,  1905,  p.  16;  also  Jour.  Infect.  Dls.,  No.  1,  May, 
1905,  p.  16. 

cLevy,  £.  C,  A  ready  method  for  preparing  a  silica  turbidity  standard:  Pub  Health  Papers  and  Repts. 
Am.  Pub.  Health  Assoc.,  vol.  31,  pt.  2, 19u5,  p.  149. 
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Table  1. — Reduction  of  readings  with  turbidimeter  to  parts  per  milium  o/tiUoa. 


,  Turbid- 
Depth  In  ity  (parts   Depth  to 
centi-       per  mil-       centi- 
meters,      lion  of   I    meters. 

I   silica).   I 


Turbid- 
ity (parts  I  Depth  to 
per  mil-  I    centi- 

llon  of       meters. 

silica). 


Turbid-  I 
Ity  (parts' 

per  mil- 
lioDor 
sUica). 


2.3 
2.6 
2.9 
3.2 
3.5 
3.8 
4.1 
4.5 
4.9 
5.5 


1,000 

5.6 

390 

7.5 

900 

5.8 

380 

7.8 

800 

5.9 

370 

&1 

700 

6.1 

360 

8.4 

650 

6.3 

350 

8.7 

600 

6.4 

340 

9.1 

550 

I    6.6 

330 

9.5 

500 

1    6.8 

320 

9.9 

450 

7.0 

310 

10.3 

400 

7.3 

300 

ia9 

290 
280 
270 
260 
250 
240 
230 
220 
210 
200 


11.4 

190  , 

12.0 

180 

12.7 

170 

13.5 

160 

14.4 

150 

15.4 

140 

16.6 

130 

18.0 

130 

19.6 

110 

21.6 

100 

The  only  difficulty  experienced  in  this  determination  was  partial 
agglomeration  of  suspended  clay  in  some  samples,  and  this  probably 
could  have  been  obviated  by  determining  turbidity  immediately 
after  uniting  the  daily  samples.  The  probable  limits  of  accuracy 
of  the  determination  are  such  that  the  observations  are  recorded  as 
m  Table  2. 

Table  2. — Probable  limits  ofaccuraof  in  turbidity  observations. 
[Parts  per  million.] 


Turbidity. 


Not  less 
than- 


Less 
than— 


50 

50    i  100 

100  500 

500    !  1,000 


Recorded  to 
nearest- 


Unit. 
5part5. 
10  parts. 
50  parte. 


1,000    I    ..'. '     lOOparts! 


TOTAL  SUSPENDED  SOLIDS. 

Total  suspended  matter  was  determined  by  use  of  a  Gooch  crucible 
as  described  by  Kimberley  and  Honmion."  A  mat  about  one-six- 
teenth of  an  inch  thick  of  iron-free,  ignited  asbestos  was  prepared 
in  the  bottom  of  a  porcelain  Gooch  crucible  of  25  cubic  centimeters 
capacity  fitted  to  a  1 -liter  filtering  flask.  Suction  was  applied  and  the 
mat  was  washed  with  distilled  water  until  the  filtrate  was  clear,  after 
which  the  crucible  was  dried  at  180°  C.  for  one-half  hour,  cooled, 
and  weighed.  After  the  crucible  had  been  replaced  on  the  filtering 
flask  and  the  mat  had  been  moistened  with  distilled  water,  a  meas- 
ured portion  of  the  sample  was  passed  through  it..  The  residue  was 
washed  with  distilled  water,  the  filtrate  being  allowed  to  run  into 

a  Kimberley,  A.  E.  and  Hommon,  H.  B.,  The  practical  advantages  of  the  Oooch  crucible  In  the  <Ww* 
mination  of  the  total  and  volatile  suspended  matter  in  sewage:  Pub.  Health  Pi4>en  and  Repts.,  Am.  Pub. 
Health  Assoc.,  vol.  31,  pt.  2,  1905,  p.  123. 
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the  flask,  and  the  crucible  and  residue  were  dried  at  180°  C.  for  one 
hour,  cooled,  and  weighed.  The  difference  in  weight  was  computed 
to  parts  per  million  of  suspended  matter.  Usually  500  cubic  centi- 
meters of  water  was  used  for  this  determination,  but  the  suspended 
matter  in  many  samples  was  so  high  that  smaller  portions  had  to  be 
used,  as  little  as  100  cubic  centimeters  being  sometimes  employed. 
Successful  application  of  this  procedure  depends  largely  on  the  qual- 
ity of  the  asbestos  and  on  proper  preparation  of  the  mat.  The  asbes- 
tos should  be  finely  shredded,  thoroughly  ignited,  treated  with  strong 
hydrochloric  acid  for  at  least  twelve  hours,  and  then  washed  several 
times  with  distilled  water.  The  mass  should  be  shaken  vigorously  dur- 
ing these  washings  and  allowed  to  settle  about  five  minutes  after  each 
treatment,  and  the  supernatant  liquid  containing  the  silt  should 
then  be  decanted.  Finally  a  fresh  portion  of  water  should  be  added 
and  the  mass  should  be  shaken  vigorously  and  about  thirty  seconds 
allowed  for  sedimentation  of  coarse  particles.  The  asbestos  should 
then  be  decanted  from  the  sediment  and  preserved,  suspended  in 
water. 

Amounts  of  suspended  matter  as  small  as  1  part  per  million  were 
estimated,  and  the  probable  accuracy  of  the  determination  with  a 
500  cubic  centimeter  sample  containing  small  amounts  of  suspended 
matter  is  within  1  part  per  milUon.  The  probable  error  is  less  than 
10  per  cent  with  suspended  matters  ranging  from  100  to  5,000  parts 
per  million.  The  determination  presented  no  difficulties  with  most 
of  the  waters  that  were  examined,  but  considerable  trouble  was 
experienced  in  removing  the  sticky  '*  gumbo  ^'  that  is  suspended  in 
many  rivers  of  the  Mississippi  Valley.  The  material  clogs  the  asbes- 
tos mat  so  badly  that  sometimes  less  than  50  cubic  centimeters  of 
water  passes  through.  As  small  amounts  as  practicable  were  used 
in  determining  the  suspended  matter  in  such  samples,  and  two  or 
three  crucibles  were  sometimes  employed  for  filtering  one  sample. 
After  the  mat  has  become  clogged,  the  surface  of  it  can  be  loosened 
without  injury  by  careful  scraping  with  the  point  of  a  pencil  or  other 
sharp  instrument,  and  filtration  can  proceed.  It  is  also  advanta- 
geous at  times  to  use  a  thicker  mat  with  coarse  asbestos  on  the  bottom 
and  a  finer  quality  on  top.  Ijoss  of  suspended  matter  by  having 
it  run  through  the  mat  occurred  with  some  waters,  but  the  amount 
of  material  that  escaped  was  usually  too  small  to  constitute  an  ap- 
preciable source  of  error  in  the  estimate  of  suspended  solids. 

TOTAL  DISSOLVED  SOLIDS. 

Total  dissolved  matter  was  regularly  determined  on  500  cubic 
centimeters  of  the  filtered  sample,  which  was  evaporated  to  dryness 
on  the  water  bath  in  a  tared  platinum  dish,  dried  at  180°  C.  for  one 
hour,  cooled  and  weighed.     The  residue  was  computed  to  parts  per 
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million  of  total  dissolved  solids.  If  the  filtrate  from  the  determina- 
';ion  of  suspended  solids  was  not  sufficient  for  estimating  total  solids, 
as  in  the  tests  of  very  muddy  waters,  the  rest  of  the  required  amount 
was  filtered  through  paper.  The  only  notable  difficulty  experienced 
in  making  this  determination  was  that  of  obtaining  a  clear  filtrate  for 
evaporation,  especially  with  the  muddy  waters  of  the  Southern  States. 
Part  of  the  suspended  matter  in  some  southern  rivers  is  so  fine  that 
it  is  not  removed  by  filtration  through  either  an  asbestos  mat  or 
paper.  Though  the  amount  of  suspended  solids  lost  in  that  manner 
is  so  small  that  it  does  not  materially  affect  the  estimate  of  suspended 
solids,  the  weight  of  the  material,  when  it  is  compared  with  the  rela- 
tively small  amount  of  dissolved  matter  in  many  waters,  is  great 
enough  to  constitute  an  error  in  the  estimate  of  dissolved  solids,  and 
the  suspended  matter  also  causes  trouble  in  subsequent  operations  on 
the  residue.  During  the  first  part  of  the  work  waters  were  filtered 
as  well  as  possible  through  asbestos  mats,  then  through  paper  mats, 
thus  reducing  the  residual  suspended  matter  in  most  samples  to  less 
than  5  parts  per  million.  In  later  work  it  was  found  advisable  to 
remove  all  traces  of  suspended  matter  from  such  samples  by  the  use 
of  alumina  cream.  This  reagent  was  prepared  by  precipitating 
aluminum  hydrate  from  a  solution  of  aluminum  sulphate  by  means 
of  sodium  hydrate.  The  precipitate  was  thoroughly  washed  with 
distilled  water  till  it  showed  only  traces  of  sulphates,  alkalies,  and 
alkalinity,  and  was  then  dissolved  in  hydrochloric  acid,  reprecipi- 
tated,  and  again  thoroughly  washed.  One  or  two  cubic  centimeters 
of  the  aluminum  hydrate  was  shaken  with  the  filtrate  from  the  sus- 
pended matter,  after  which  the  precipitant  was  removed  by  filtra- 
tion through  paper.  A  perfectly  clear  filtrate  was  obtained  for  evapo- 
ration by  that  treatment. 

The  determination  of  dissolved  solids  was  usually  made  with  500 
cubic  centimeters  of  water,  but  250  cubic  centimeters  was  used  for 
some  of  the  western  rivers  that  are  very  high  in  dissolved  matter,  and 
700  cubic  centimeters  was  taken  for  nearly  all  the  waters  collected  at 
the  southeastern  stations  during  the  latter  half  of  the  period,  because 
it  seemed  advisable  to  have  as  much  residue  as  possible  for  analysis. 
The  difference  between  duplicate  determinations  of  dissolved  solids 
was  usually  about  1  part  per  million,  when  500  cubic  centimeters  of 
the  sample  was  evaporated  and  when  about  100  parts  per  million  of 
dissolved  matter  was  present.  The  difference  is  likely  to  vary  in 
amount  more  with  waters  containing  considerable  organic  matter  or 
alkali  than  with  waters  containing  calcium  salts. 

The  committee  on  standard  methods  of  water  analysis**  recommend 
that  suspended  and  dissolved  solids  be  dried  at  103°  C.  for  one-half 
hour.     Many  chemists  employ  a  temperature  of  105°  C,  and  others 

a  Pub.  Health  Papers  and  Reports,  Am.  Pub.  Health  As^oc.,  vol.  30,  pt.  2,  1905,  p.  43, 
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dry  residues  in  ovens  surrounded  by  boiling  water.  Fresenius**  rec- 
ommends drying  at  180°  C.  till  the  weight  is  constant,  but  as  such 
long-continued  desiccation  was  not  practicable  in  these  tests,  the  time 
was  limited  to  one  hour,  though  the  temperature  of  180°  was  adopted. 
The  results  seem  to  justify  the  use  of  the  higher  temperature.  Prac- 
tically all  the  water  of  crystallization  and  that  mechanically  occluded 
by  residues  of  ordinary  amount  from  waters  of  ordinary  composition 
are  driven  off,  and  the  organic  matter  is  more  or  less  carbonized  and 
is  greatly  reduced  in  weight,  though  it  is  not  completely  destroyed. 
Drying  at  that  temperature,  therefore,  makes  comparison  between 
the  sum  of  the  constituents  and  the  amoimt  of  solids  by  actual  deter- 
mination more  feasible  than  drying  at  the  lower  temperature.  That 
the  results  of  the  analyses  corroborate  this  belief  is  demonstrated  on 
page  30  by  comparisons  between  figures  representing  average  total 
solids  and  those  representing  the  average  sum  of  the  constituents. 
Another  advantage  of  the  higher  temperature  is  that  the  results  repre- 
sent more  nearly  than  those  obtained  at  lower  temperatures  the  con- 
ditions imder  which  solids  are  deposited  in  steam  boilers. 

SILICA. 

The  residue  from  the  determination  of  total  dissolved  solids,  after 
being  gently  heated  in  a  radiator  imtil  the  organic  matter  was  carbon- 
ized or  wholly  destroyed,  was  moistened  with  hydrochloric  acid 
(1  to  1)  and  the  dish,  covered  with  a  watch  glass,  was  heated  on  the 
water  bath  for  a  few  minutes.  After  treatment  with  acid  had  been 
repeated,  if  necessary,  the  sides  of  the  dish  were  thoroughly  rubbed 
down,  and  the  mass  was  evaporated  to  dryness.  The  residue  was 
again  treated  with  2  or  3  cubic  centimeters  of  the  acid  and  some  dis- 
tilled water,  was  heated  on  the  water  bath,  and  was  finally  separated 
from  the  solution  by  filtration  through  ashless  filter  paper.  Little 
trouble  was  experienced  in  dissolving  calcium  sulphate  in  the  residues. 
The  insoluble  part  was  thoroughly  washed  with  hot  water  containing 
hydrochloric  acid,  ignited  in  a  tared  platiniun  crucible,  cooled  and 
weighed.  It  was  then  moistened  with  a  few  drops  of  sulphuric  acid 
(specific  gravity  1.84),  and  the  silicia  was  volatilized  with  hydro- 
fluoric acid,  after  which  the  crucible  was  again  ignited,  cooled  and 
weighed.  If  the  final  residue  exceeded  0.0005  gram,  it  was  usually 
tested  to  discover  its  composition.  The  part  volatilized  by  hydro- 
chloric acid  was  computed  to  parts  per  million  of  silica  (SiOj).  The 
nonvolatile  residues  were  usually  low,  probably  exceeding  0.0003 
gram  in  less  than  5  per  cent  of  the  analyses.  They  were  highest  in 
samples  that  were  slightly  turbid  before  evaporation,  a  condition  indi- 
cating that  part  of  the  fine  suspended  matter  left  after  filtration  con- 
sisted of  silicates  that  are  not  decomposed  by  hydrochloric  acid. 

a  Fresenius,  C.  R.,  Quantitative  chemical  analysis  (transl.  of  6th  Gennan  ed.),  vol.  2, 1904,  p.  245. 
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IRON. 

The  iron  in  the  filtrate  from  the  determination  of  silica  was  oiidiBft: 
by  boiling  the  solution  with  a  few  drops  of  nitric  acid  (specific  gn^ 
1.42).     After  a  slight  excess  of  anmionium  hydrate  had  been  mH^^ 
the  liquid  was  heated  for  a  few  minutes  to  precipitate  the  oxides-^ 
iron  and  aluminum,  which  were  then  removed  by  filtration  ik 
washed  with  hot  water  containing  a  little  ammonium  chloride.  U  t 
was  desired    to  determine  aluminum,   the    precipitate  was  d»: 
ignited,  and  weighed,  then  fused  with  fused  sodium  bisulphate.  Tir 
resulting  mass  was  dissolved  in  dilute  sulphuric  acid  (1  to  3)  and  ib 
solution  was  filtered  and  boiled  vigorously  for  two  or  three  umi^ 
with  1  cubic  centimeter  of  nitric  acid  (1.42).     It  was  then  cooled »>: 
diluted  with  water,  and  the  iron  in  it  was  determined  colorimetric*!.: 
The  amoimt  of  iron  as  FcjO,,  subtracted  from  the  weight  of  the  «c- 
bined  oxides,  gives  the  AljOj,  which  multiplied  by  0.53  gives  tt 
aluminum  (Al).     If,  however,  it  appeared  from  the  bulk  of  thepfi^ 
cipitate  that  the  combined  oxides  of  iron  and  aluminum  amoont^ 
to  less  than  5  or  6  parts  per  million  the  determination  of  aluminin 
was  omitted.     In  that  case  the  precipitate  was  not  ignited  but  »* 
dissolved  immediately  in  hydrochloric  acid,  1  cubic  c^ntimet^'^ 
nitric  acid  (specific  gravity  1.42)  was  added,  the  solution  was  baife^ 
and  the  iron  was  determined  colorimetrically. 

The  ferric  solution  was  diluted  to  90  cubic  centimeters  with  ditiBp- 
water,  10  cubic  centimeters  of  a  2  per  cent  solution  of  potasaum  sl- 
phocyanide  was  added,  the  solutions  were  thoroughly  mixed,  aDdr> 
color  that  developed  was  compared  immediately  with  iron  standirc^ 
in  Nessler  tubes  measuring  17.5  centimeters  to  the  100  cubic  centm^ 
mark.  The  depth  of  the  colors  that  were  compared  did  not  excee- 
that  equivalent  to  0.001  gram  of  Fe,  and  if  it  was  necessary  to  dij^^ 
the  solution  that  operation  was  always  performed  before  the  addiu- 
of  potassium  sulphocyanide.  Colors  equivalent  to  amounts  of  i'^- 
between  0.001  gram  and  0.0001  gram  of  Fe  were  matched  by  comp*-'' 
son  with  colored  slides,  the  manipulation  and  accuracy  of  which  b'^' 
been  discussed  by  the  writer.**  Colors  equivalent  to  amounts  of  in* 
less  than  0.0001  gram  of  Fe  were  compared  with  permanent  w^ 
standards  made  by  mixing  solutions  of  cobaltous  chloride  and  pot*' 
sium  platinic  chloride  in  proper  proportion.* 

Methods  for  the  colorimetric  determination  of  iron  have  been  <J 
i  tensively  studied  by  Stokes   and  Cain,*'  who  have  ascertained  ^ 

I  a  Dole,  R.  B.,  Notes  on  the  determination  of  Iron:  Pub.  Health  Papers  and  Repts.,  Am.  Pob.  B^' 

Assoc.,  vol.  32,  pt.  1, 1907,  p.  183. 

I  6  Public  Health  Papers  and  Reports,  Am.  Pub.  Health  Assoc.,  vol.  30,  pt  2, 1905,  p. «;  »to  J**** 

1  D.  D.,  Tech.  Quart,  vol.  13,  1900,  p.  315. 

c  Stokes,  H.  N.,  and  Cain,  J.  R. ,  On  the  colorimetric  determination  of  iron  with  special  nkftar  \o^ 
ical  reagents:  Bull.  Bur.  Standards,  U.  S.  Dept  Com.  and  Lab.,  No.  3, 1906,  p.  115;  abo  Joar.  Aa-O^ 
Soo.,  vol.  27, 1905,  p.  409;  Chem.  Abs.,  Am.  Chem.  Soo.,  vol.  1, 1907,  p.  1955. 
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effect  of  certain  substances  and  changes  in  technique  on  the  intensity 
of  the  color  that  is  developed  in  the  sulphocyanate  test.  They  also 
recommend  several  refinements  in  procedure.  Special  care  was 
taken  in  the  present  investigation  to  make  the  estimate  always  in  the 
same  manner,  and  the  iron  group  was  separated  from  other  compo- 
nents of  the  residue  before  the  color  comparisons  were  made.  In 
nearly  all  the  work  the  iron  was  precipitated  from  solutions  represent- 
ing 500  cubic  centimoters  of  the  sample,  so  that  the  probable  accuracy 
of  the  estimates  is  somewhat  greater  than  that  of  the  estimates  of  iron 
usually  made,  for  which  50  to  100  cubic  centimeters  of  the  sample  is 
used. 

CALCIUM. 

The  filtrate  from  the  determination  of  iron  was  diluted  to  a  definite 
volume,  usually  100  cubic  centimeters,  and  was  divided  into  two  equal 
parts.  One  part  was  used  for  the  determination  of  calcium  and 
magnesium  and  the  other  part  for  the  determination  of  sulphates  and 
alkalies.  After  the  portion  for  the  determination  of  calcium  and 
magnesium  had  been  heated  to  boiling  in  a  beaker,  it  was  made 
slightly  alkaline  with  ammonium  hydrate;  ammonium  oxalate  in 
the  form  of  hot  5  per  cent  aqueous  solution  was  then  added  to  it  in 
sufficient  amount  to  convert  all  the  calcium  and  magnesium  into  oxa- 
lates. Ten  cubic  centimeters  was  usually  added,  but  more  was  used 
if  the  figure  for  total  solids  indicated  that  this  amount  was  not  enough. 
The  mixture  was  digested  not  less  than  three  hours  in  order  to  pre- 
cipitate all  the  calcium  and  to  dissolve  the  magnesium  oxalate.  The 
solution  was  filtered  through  Schleicher  and  Schull  white  ribbon  paper 
No.  589,  and  the  precipitate  was  washed  with  hot  water  containing  a 
little  ammonia,  no  special  care  being  taken  to  transfer  all  the  calcium 
oxalate  from  the  flask  to  the  funnel.  The  flask  in  which  the  precipita- 
tion was  made  was  then  placed  under  the  funnel,  and  while  the  precipi- 
tate was  agitated  by  a  stream  of  hot  water  from  a  wash  bottle  dilute 
sulphuric  acid  (1  to  3)  was  poured  on  till  the  precipitate  was  com- 
pletely decomposed  and  dissolved,  after  which  the  filter  paper  was 
thoroughly  washed  with  hot  water.  If  this  operation  is  skillfully 
performed,  the  calcium  precipitate .  is  easily  dissolved  and  20  cubic 
centimeters  of  the  dilute  acid  is  amply  sufficient  for  the  purpose. 
The  solution  of  calcium  was  diluted  to  about  100  cubic  centimeters 
with  hot  distilled  water  and  was  titrated  with  N/20  potassium 
permanganate. 

This  method,  described  by  Sutton,**  was  entirely  satisfactory. 
The  principal  objections  that  had  been  advanced  against  its  use  are 
the  diflRculty  of  dissolving  calcium  oxalate  in  sulphuric  acid  and  the 

aSatton,  Francis,  A  systematic  handbook  of  Tolumetric  analysis,  9th  ed.,  Philadelphia,  1904,  p.  168. 
8464— IRB  236—09 2 
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errors  introduced  by  traces  of  oxalic  acid  and  organic  matter, 
tion  of  the  precipitate  is  easy  if  it  is  performed  in  the  maniwr  pel 
outlined,  and  this  procedure  is  preferable  to  that  recommended  by 
Sutton,  of  punching  a  hole  in  the  filter  paper  and  washing  tbe  pe- 
cipitate  into  the  flask.     The  filter  paper  should  never  be  digestei 
in  sulphuric  acid,  because  the  oxidizing  power  of  the  soluUcm  biffi- 
warrantably  increased  by  such  treatment.    The  results  of  sevmi 
experiments  for  the  purpose  of  determining  the  errors  due  to  solutk 
of  filter  paper  and  to  traces  of  oxalic  acid  indicate  that  it  b  pos- 
sible  to  estimate  calcium  volimietrically  within  1   part  per  miDMC. 
when  250  cubic  centimeters  of  the  sample  is  used  for  the  test 
Schleicher  and  SchOll  filter  papers  Nos.  595,  589,  white  ribbon,  inc 
590  were  treated  exactly  as   if  a  calcium  test  were  being  ni*«k 
Twenty    cubic   centimeters   of    dilute   sulphuric    acid   was  ptsse- 
through  each  filter  paper  in  a  funnel,  and  the  papers  were  tita 
washed  with  hot  distilled  water  until  the  filtrate  amounted  to  tbcc 
100   cubic   centimeters.     When   the   acid   solutions   were  titntai 
with  N,  20  potassium  permanganate,  the  average  amount  of  pff- 
manganate  consumed   by  the  solutions  passed    through   No.  ^^ 
papers  was  0.10  cubic  centimeter;  through  No.  589,  0.09  cubic  centi- 
meter; and  through  No.  590,  0.06  cubic  centimeter.     The  high^ 
amount,  0.10  cubic  centimeter,  is  equivalent  fur  a  250  cubic  centi- 
meter sample  to  0.4  part  per  million  of  calcium,  an  amount  so  snuu 
that  it  can  be  disregarded.     In  another  experiment  for  the  puipc« 
of  estimating  the  amount  of  oxalic  acid  that  might  be  retained  bj 
the  papers,  10  cubic  centimeter  lots  of  a  5  per  cent  solution  of  tJt 
monium  oxalate  with  4  drops  of  nitric  acid  (specific  gravity  14: 
and  enough  anmionium  hydrate  to  make  the  mixture  slightly  tS^ 
line  were  heateil  to  boiling  in  an  Erlenmeyer  flask  and  filtered  thmc:* 
different  filter  papers,  which  were  afterwards  washed  with  hot  w&trf 
till  the  filtrates  failed  to  show  the  presence  of  chlorides.    Thefl*^ 
papers  were  then  treated  with  20  cubic  centimeters  of  sulpl^^* 
acid  and  washed,  and  the  solutions  were  titrated  with  N/20  po^^ 
sium  permanganate.     The  average  consumption  of  permangBW^ 
with  No.  595  papers  was  0.19  cubic  centimeter;  with  No.  589  pM^ 
0.08  cubic  centmieter;  and  with  No.  590  papers,  0.08  cubic  cent' 
meter.     The  slight  increase  of  permanganate  for  No.  595  p^P^ 
over  that  used  in  the  previous  experiment  is  probably  due  to  &^ 
tegration    of    this    coarse-grained    paper    during    washing.    ^ 
samj)les  of  the  three  papers  were  torn  into  small  pieces  and  ^ 
boiled  for  an  hour  in  a  5  per  cent  sulphuric  acid  solution,  ihect^' 
sumption   of  permanganate   was  notably  increased,   the  amo«n^ 
ranging  from  0.2  to  0.3   cubic   centimeter,  but    boiling  tb^fl^ 
papers  in  sulphuric  acid  is  not  advised  in  the  procedure  and  itis»^ 
necessary.     If  the  precipitate  is  dissolved  by   pouring  hot  wi^' 
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and  dilute  sulphuric  acid  through  the  paper,  the  consumption  of 
permanganate  solution  by  organic  matter  dissolved  from  the  paper 
and  by  traces  of  oxalic  acid  left  in  it  apparently  does  not  exceed 
0.10  cubic  centimeter,  an  amount  equivalent  to  0.4  part  per  million 
of  calcium  in  the  regular  procedure.  The  oxalic  acid  that  may  be 
occluded  by  the  calcium  oxalate  was  not  estimated,  but  it  is  evident 
that  this  amount  varies  with  the  volume  of  precipitate,  and  the  per- 
centage of  error  is,  therefore,  no  higher  for  low  than  for  high  cal- 
ciums. The  results  of  experiments  comparing  volumetric  with 
gravimetric  determinations  also  justify  the  conclusion  that  the  vol- 
umetric method  for  estimating  calcium  is  sufficiently  accurate  for 
general  water  analysis. 

MAGNESIUM. 

The  filtrate  from  the  calcium,  having  been  made  slightly  acid  with 
hydrochloric  acid,  was  concentrated  till  the  salts  began  to  crystal- 
Uze.  An  excess  of  a  10  per  cent  solution  of  sodium  ammonium 
phosphate  was  added,  and  the  liquid  was  allowed  to  cool.  Finally 
it  was  made  distinctly  alkaline  with  ammonium  hydrate  and  set 
aside  not  less  than  six  hours  in  order  to  insure  complete  precipitation 
of  the  magnesium.  Two  cubic  centimeters  of  strong  ammonia 
(specific  gravity  0.90)  was  usually  sufficient  in  a  volume  of  50  to  75 
cubic  centimeters.  Attention  has  been  called  b}^  Gooch  and  Austin® 
to  the  fact  that  the  large  excess  of  ammonia  which  is  so  commonly 
added  is  distinctly  disadvantageous.  The  precipitate  was  separated 
by  filtration  and  was  washed  by  decantation  with  water  containing 
a  little  ammonia,  till  the  excess  of  precipitant  was  removed.  The 
precipitate  in  the  beaker  and  on  the  paper  was  dissolved  in  5  cubic 
centimeters  of  5  per  cent  acetic  acid  and  about  40  cubic  centimeters 
of  hot  water.  Five  cubic  centimeters  of  a  5  per  cent  ammonium 
acetate  solution  was  added  and  the  solution  was  titrated  with  stand- 
ard uranium  solution,  care  being  taken  to  boil  the  solution  vigor- 
ously before  noting  the  final  end  point,  which  is  found  by  adding  a 
drop  of  the  liquid  to  a  drop  of  half-saturated  solution  of  potassium 
ferrocyanide  on  a  white  porcelain  plate. 

This  improvement  on  Sutton's  method  *  of  dissolving  and  titrating 
the  phosphoric  acid  was  devised  and  tested  by  M.  G.  Roberts.  It 
is  important  to  have  a  constant  amount  of  solution,  as  the  end 
point  varies  somewhat  with  the  volume.  The  quantity  of  phosphate 
that  is  titrated  should  be  such  that  1  to  20  cubic  centimeters  of 
uranium  solution  may  be  added.  The  method  was  tested  with  sat- 
isfactory results  by  comparison  with  Sutton's  procedure  and  with 
the  usual  gravimetric  method. *" 

a  Am.  Jour.  Sci.,  4th  ser.,  vol.  7, 1899,  p.  187;  also  Bull.  U.  S.  Geol.  Survey  No.  176, 1900,  p.  65. 

ft  Sutton,  Francis,  A  systematic  handbook  of  volumetric  analysis,  9th  ed.,  Philadelphia,  1904,  p.  294. 

e  Fresenius,  C.  R.,  Quantitative  chemical  analysis  (trans,  of  0th  German  ed.),  vol.  1, 1904,  p.  275. 
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SULPHATE  RADICLE. 

The  usual  gravimetric  method  ^  was  employed  for  the  determi- 
nation of  sulphates.  One-half  the  filtrate  from  the  determmation  of 
iron  was  slightly  acidulated  with  hydrochloric  acid  and  was  heated 
nearly  to  boiling.  Excess  of  barium  chloride  in  hot  10  per  cent 
solution  was  then  added,  after  which  the  liquid  was  digested  on  the 
hot  plate  for  at  least  thirty  minutes.  The  precipitate  of  barium 
sulphate  was  removed  by  filtration,  thoroughly  washed  with  hot 
water,  dried,  ignited,  and  weighed.  The  amount  of  sulphates  as 
parts  per  million  of  SO4  was  computed  from  that  weight. 

SODIUM  AND  POTASSIUM. 

The  filtrate  from  the  sulphate  determination  was  treated  with 
ammonia  and  ammonium  carbonate  and  was  filtered.  The  filtrate 
was  evaporated  to  dryness  on  the  water  bath,  heated  to  expel  ammo- 
nium salts,  and  digested  with  a  few  cubic  centimeters  of  distilled 
water.  Magnesium  was  precipitated  with  barium  hydrate,  the  solu- 
tion was  again  filtered,  and  the  precipitate  was  washed  with  hot 
water.  The  filtrate  from  this  operation  was  heated,  and  barium  and 
calcium  were  precipitated  with  ammonium  carbonate  and  were 
removed  by  filtration,  after  which  the  filtrate  was  evaporated  to 
dryness  and  heated  to  expel  ammonium  salts.  The  residue  was 
digested  with  4  or  5  cubic  centimeters  of  water,  warmed,  and  treated 
again  with  ammonia  and  ammonium  carbonate  to  remove  traces  of 
barium  and  calcium.  The  solution  was  then  filtered  into  a  small 
porcelain  dish  and  evaporated  to  dryness.  The  residue  was  heated 
nearly  to  fusion  and  weighed.  The  alkahne  chlorides  in  the  dish 
were  dissolved  in  a  little  water  and  were  filtered  through  an  ashless 
filter  paper,  which  was  then  washed,  i^ted  in  the  porcelain  dish, 
and  weighed.  The  difference  in  weights  was  calculated  to  *' sodium 
and  potassium,'*  the  molecular  weight  58  being  used  for  the  material. 
The  error  introduced  by  disregarding  potassium  is  discussed  on  page 
33.  The  procedure  is  similar  to  that  recommended  by  Tresenius,* 
and  it  requires  no  special  comment  except  that  care  was  taken  to 
insure  complete  removal  of  impurities.  If  the  third  treatment  with 
ammonia  and  ammonium  carbonate  produced  an  appreciable  amoimt 
of  precipitate,  the  operation  was  repeated  till  the  last  treatment 
revealed  only  traces  of  impurities. 

The  sodium-potassium  ratio  of  some  of  the  river  waters  was  deter- 
mined quarterly.  The  solutions  of  alkaUne  chlorides  from  the  ten- 
day  composite  samples  representing  a  three  months'  period  were 
imited  and  repurified  in  accordance  with  the  procedure  just  outlined. 


a  Fresenius,  C.  R.,  op.clt.,  vol.  1, 1904,  p.  434. 
f>  Freseoius,  C.  R.,  op.  cit.,  vol.  2, 1905,  p.  249. 
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The  pure  chlorides  were  then  evaporated  nearly  to  dryness  in  a  Jena 
dish  with  sufficient  platinic  chloride  to  convert  the  alkalies  into  their 
platinum  double  salts.  The  residue  was  treated  with  80  per  cent 
alcohol,  and  the  potassium  platinic  chloride,  removed  by  filtration 
through  an  asbestos  mat  in  a  small  filter  tube,  was  washed  with 
dilute  alcohol,  dried  in  a  steam  oven,  and  weighed.  By  dissolving 
the  potassium  platinic  chloride  in  hot  water,  drying,  and  again 
weighing  the  filter  tube,  the  difference  in  weight  representing  the 
mass  of  the  potassium  double  salt  could  be  found  and  computed  to 
parts  per  million  of  potassium  (K). 

CARBONATE  AND  BICARBONATE  RADICLES. 

Estimates  of  the  carbonate  and  bicarbonate  radicles  were  made  on 
the  same'50  cubic  centimeter  sample  of  the  water,  which  was  filtered 
if  necessary.  Ten  drops  of  phenolphthalein  were  added  to  the  meas- 
ured sample  in  a  porcelain  dish  of  convenient  size  and  the  sample 
was  titrated  with  N/50  potassium  acid  sulphate  solution.  The  num- 
ber of  cubic  centimeters  of  acid  used,  multiplied  by  24,  equals  parts 
per  milUon  of  the  carbonate  radicle  (CO,).  Two  drops  of  methyl 
orange  were  added  to  the  same  liquid  and  the  titration  was  continued. 
The  total  amount  of  acid  used,  minus  twice  that  required  for  the 
first  end  point,  equals  that  equivalent  to  the  bicarbonates  present. 
The  latter  figure,  expressed  in  cubic  centimeters  and  multipUed  by 
24.4,  equals  parts  per  million  of  the  bicarbonate  radicle  (HCO,). 
The  water  was  sometimes  diluted  or  a  larger  amoimt  was  taken  for 
titration,  but  it  could  not,  of  course,  be  concentrated.  This  pro- 
cedure is  recommended  by  Cameron  **  and  it  gave  results  that  are 
sufficiently  satisfactory.  The  balance  between  the  different  forms 
of  carbonic  acid  in  solution  is  variable,  depending  largely  on  con- 
centration, temperature,  and  pressure.  It  is  fairly  certain  that 
many  of  the  waters  which  gave  positive  tests  for  normal  carbonates 
do  not  contain  that  form  of  carbonic  acid  in  nature.  It  is  imjusti- 
fiable,  however,  to  assume  from  the  data  at  hand  that  no  natural 
stream  waters  contain  normal  carbonates,  and  it  is  equally  impos- 
sible definitely  to  decide  which  ones  do  and  which  ones  do  not  con- 
tain them.  Consequently  the  carbonates  and  bicarbonates  are 
reported  exactly  as  they  were  determined,  but  CO,  has  been  com- 
puted to  HCO,  in  calculating  the  average  condition  of  streams  if 
there  were  only  a  few  scattered  positive  tests  for  normal  carbonates. 
All  such  recomputations  are  noted  in  the  tables  of  analyses,  and  the 
figures  involved  bear  the  following  footnote:  ''Abnormal;  computed 
as  HCOj  in  the  average.'' 

a  Cameron,  F.  K.,  BulL  Bur.  Soils,  U.  8.  Dept.  Agr.,  No.  64,  1900,  p.  63;  also  Jour.  Am.  Chem.  Soc, 
▼oL  23, 1900,  p.  471. 
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CHLORINE. 

The  usual  volumetric  procedure  was  employed  for  the  determina- 
tion of  chlorine,^  and  the  concentrations  of  solution  recommended 
by  Jackson  and  described  by  Leighton^  were  used  in  order  that 
the  results  might  be  comparable  with  normal  chlorine  determina- 
tions. One  hundred  cubic  centimeters  of  the  sample  was  usually 
concentrated  to  25  cubic  centimeters  in  a  porcelain  dish  on  the  water 
bath  at  a  time  when  hydrochloric  acid  fumes  were  not  prevalent  in 
the  laboratory.  If  a  large  amount  of  the  element  was  present  a 
smaller  sample  was  taken  and  duplicate  determinations  were  made. 
After  the  sample  had  been  concentrated,  1  cubic  centimeter  of  a  5  per 
cent  potassium  chromate  solution  was  added  and  the  inside  of  the  dish 
was  thoroughly  rubbed  down  mth  a  rubber  policeman.  Standard 
silver  nitrate  was  then  added  from  a  burette,  till  the  first  faint  red- 
dish tint  appeared.  Each  analyst  determined  by  experiment  with 
chlorine-free  water  the  amount  of  silver  nitrate  necessary  to  produce 
a  red  coloration  detectible  by  him  under  regular  conditions,  and  he 
subtracted  that  amount  from  the  results  of  his  titrations.  The 
chlorine  (CI)  in  parts  per  million  was  then  computed.  Samples  that 
were  very  turbid  or  highly  colored  were  filtered  or  were  clarified  by 
treatment  with  alumina  cream.  When  very  large  amounts  of  chlorine 
were  present,  gravimetric  determinations  were  made  by  precipi- 
tating the  chlorine  as  silver  chloride  in  nitric  acid  solution,  removing 
the  precipitate  by  filtration  through  an  asbestos  mat  in  a  Gooch 
crucible,  drying  in  a  steam  oven,  and  weighing. 

NITRATES. 

The  phenolsulphonic  acid  method  was  used  for  the  determination 
of  nitrates.*'  As  practically  all  the  surface  waters  that  were  tested 
contained  amoimts  of  color  suflScient  to  interfere  materially  with  the 
color  comparison  in  this  test,  it  was  necessary  to  decolorize  the 
samples  before  evaporation.  A  small  amount  of  alumina  cream 
was  shaken  with  75  to  80  cubic  centimeters  of  the  sample  in  a  4-ounce 
bottle  and  allowed  to  settle,  after  which  50  cubic  centimeters  of  the 
clear  supernatant  liquid  was  removed  either  by  filtration  or  by  decan- 
tation  and  was  evaporated  to  dryness  in  a  porcelain  dish  on  the  water 
bath  with  a  few  drops  of  sodium  carbonate  solution.  One  cubic 
centimeter  of  phenolsulphonic  acid  was  quickly  and  thoroughly 
rubbed  over  the  residue  in  the  dish,  after  which  10  cubic  centimeters 
of  distilled  water  was  added  and  the  solution  was  stirred  till  it  was 
thoroughly  mixed.     After  enough  ammonium  hydrate  to  render  the 

a  Pub.  Health  Papers  and  Reports,  Am.  Pub.  Health  Assoc.,  vol.  30,  pt.  2,  1905,  p.  66;  also  Sutton, 
Francis,  A  systematic  handbook  of  volumetric  analysis,  1904,  p.  451. 

b  Leighton,  M.  O.,  Field  assay  of  water:  Water-Supply  Paper  U.  S.  Geol.  Survey  No.  151, 1905,  p.  49. 
c  Public  Health  Papers  and  Reports,  Am.  Pub.  Health  Assoc.,  vol.  30,  pt.  2, 1905,  p.  40. 
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liquid  alkaline  had  been  added,  the  solution  was  transferred  to  a 
Nessl^r  tube  and  was  diluted  to  the  100  cubic  centimeter  mark  with 
distilled  water.  The  yellow  color  developed  by  the  nitrates  was 
compared  with  similar  shades  in  Nessler  tubes  containing  solutions 
of  known  amoimts  of  potassium  nitrate  that  had  been  treated  with 
phenolsulphonic  acid  and  ammonia.  The  results  are  reported  as 
part5  per  million  of  the  nitrate  radicle  (NO,),  not  as  N,  the  cus- 
tomary basis  in  sanitary  work.  Though  this  procedure  is  com- 
paratively accurate  for  estimating  the  amoimt  of  nitrogen  actually 
present  as  nitrates  at  the  time  of  the  test,  it  must  be  emphatically 
stated  that  the  reported  nitrate  figures  do  not  represent  the  amount 
of  nitrogen  present  as  nitrates  in  the  stream  waters  when  the  samples 
were  collected.  Practical  considerations  made  it  impossible  to  per- 
form the  test  less  than  ten  days  after  some  of  the  samples  had  been 
collected  and  the  estimate  was  made  in  a  great  many  samples  after  a 
period  of  three  to  eight  weeks,  or  even  more,  had  elapsed.  Inas- 
much as  this  length  of  time  was  suflBcient  for  marked  changes  in  the 
amount  of  nitrates,  the  value  of  the  results  is  problematical.  The 
determination  was  made  in  order  to  complete  the  estimation  of  acid 
radicles  that  were  present  in  appreciable  amount,  and  though  its 
value  as  an  index  of  the  condition  of  the  stream  Water  at  the  time 
the  samples  were  taken  is  probably  not  great,  the  comparative 
amoimts  in  the  different  streams  may  furnish  some  information 
regarding  the  amount  of  organic  matter  that  is  present,  and  this 
feature  is  the  excuse  for  the  presentation  of  the  nitrate  figures  in  the 
analytical  data. 

TOTAL  ACIDITY. 

If  the  water  imder  examination  contained  free  mineral  acid  a  con- 
venient amount  of  the  sample,  filtered  if  necessary,  was  titrated 
with  N/10  sodium  carbonate  in  the  presence  of  methyl  orange  indi- 
cator. If  50  cubic  centimeters  of  water  is  titrated,  the  number  of 
cubic  centimeters  of  N/10  alkali  used,  multiplied  by  98,  gives  the 
result  in  parts  per  million  of  free  sulphuric  acid  (IIjSOJ. 

TOTAL  IRON. 

As  most  of  the  iron  in  many  river  waters  forms  part  of  the  sus- 
pended matter  rather  than  part  of  the  matter  in  solution,  a  figure 
representing  to  some  extent  the  total  amount  of  iron  was  estimated 
at  some  laboratories.  The  test  was  made  by  boiling  vigorously  50 
cubic  centimeters  of  the  unfiltered  sample  ten  or  fifteen  minutes 
with  1  cubic  centimeter  each  of  concentrated  nitric  and  hydro- 
chloric acids.  The  liquid  was  then  filtered,  and  the  iron  in  it  was 
determined  colorimetrically  by  the  sulphocyanide  method.  The 
figure  obtained  in  this  manner  is  only  approximate,  as  all  the  iron 
in  the  suspended  matter  is  probably  not  dissolved  by  this  treatment. 
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PREPARATION  OF  SOLUTIONS. 
TWENTIETH-NORMAL   POTASSIUM   PERMANGANATE. 

About  2  grams  of  potassium  permanganate  crystals  were  dis- 
solved in  freshly  boiled  distilled  water,  and  the  solution  was  filterexi 
through  glass  wool  and  diluted  to  1  liter.  The  strength  of  the  solu- 
tion was  determined  by  titration  against  iron.  Three  portions  of 
pure  iron  wire,  each  weighing  about  0.2  gram,  were  dissolved  in 
125  cubic  centimeter  Erlenmeyer  flasks  in  40  cubic  centimeters  of 
water  and  10  cubic  centimeters  of  concentrated  sulphuric  acid. 
The  solutions  were  cooled  rapidly  to  about  60*^  C,  and  diluted  to  50 
cubic  centimeters  with  freshly  boiled  distilled  water.  One  portion 
was  titrated  with  the  permanganate  solution,  which  was  then  diluted 
to  one-twentieth  normal  strength,  and  the  other  two  portions  were 
used  to  verify  the  accuracy  of  the  dilution.  The  amount  of  per- 
manganate necessary  to  produce  a  detectible  red  coloration  with  10 
cubic  centimeters  of  concentrated  sulphuric  acid  and  40  cubic  centi- 
meters of  water  was  subtracted  from  each  titration,  and  the  iron 
wire  was  considered  to  be  99.6  per  cent  pure  Fe.  The  strength  of 
the  permanganate  solution  was  verified  in  many  tests  also  by  titra- 
tion against  potassium  tetraoxalate  and  against  Iceland  spar.  One 
cubic  centimeter  of  N/20  potassium  permanganate  is  equivalent  to 
0.001  gram  of  calcium  (Ca)  from  calcium  oxalate.  * 

AMMONIUM  ACETATE. 

Forty-four  cubic  centimeters  of  ammonium  hydrate  (specific 
gravity  0.90)  and  37  cubic  centimeters  of  glacial  acetic  acid  were 
dissolved  in  1  liter  of  distilled  water. 

STANDARD   SODIUM   AMMONIUM   PHOSPHATE   SOLUTION. 

In  1  Hter  of  distilled  water  8.4507  grains  of  sodium  ammonium 
phosphate  was  dissolved.  One  cubic  centimeter  of  this  solution 
should  be  equivalent  to  0.001  gram  of  magnesium  (Mg),  and  the 
strength  was  always  verified  by  gravimetric  determination  of  the 
phosphate  radicle. 

STANDARD   URANIUM   SOLUTION. 

About  21  grams  of  uranium  nitrate  was  dissolved  in  800  cubic 
centimeters  of  distilled  water,  enough  ammonium  hydrate  to  produce 
a  slight  turbidity  was  added,  then  50  grams  of  glacial  acetic  acid 
was  added,  and  the  whole  .was  diluted  to  1  liter  with  distilled  water. 
Ten  cubic  centimeters  of  the  solution  of  sodium  ammonium  phosphate 
was  next  mixed  in  a  beaker  with  5  cubic  centimeters  of  ammonium 
acetate   and   35   cubic   centimeters   of  distilled  water.     After  this 
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solution  had  been  heated  to  boiling  the  uranium  solution  was  added 
till  the  faintest  brown  coloration  appeared,  when  a  drop  of  the  liquid 
was  mixed  with  a  drop  of  half-saturated  solution  of  potassium  ferro- 
cyanide  on  a  white  porcelain  slip.  As  soon  as  the  coloration  appeared 
the  solution  was  diluted  to  50  cubic  centimeters  with  boiling  water 
and  the  test  was  repeated.  If  the  operation  had  been  properly  con- 
ducted no  red  coloration  appeared  in  the  second  test,  and  the  addition 
of  two  or  three  drops  of  uranium  solution  was  necessary  before  the 
final  reading.  The  amount  of  uranium  solution  necessary  to  produce  a 
detectible  red  coloration  in  a  blank  test  was  subtracted  from  all 
titrations.  The  uranium  solution  was  then  diluted  till  1  cubic  cen- 
timeter of  it  was  exactly  equivalent  to  1  cubic  centimeter  of  the  solu- 
tion of  sodium  ammonium  phosphate,  and  the  accuracy  of  the  dilution 
was  verified  by  additional  titrations  against  sodium  ammonium 
phosphate. 

METHYL   ORANGE. 

One  gram  of  methyl  orange  was  dissolved  in  1  liter  of  distilled 
water  and  the  solution  was  filtered.  As  the  accuracy  of  the  bicar- 
bonate estimate  depends  largely  on  the  quality  of  the  indicator, 
special  care  was  taken  to  select  a  satisfactory  article.  Several  sam- 
ples of  methyl  orange  were  tested,  and  the  one  that  gave  the  most 
satisfactory  results -was  used  exclusively  for  the  estimates. 

PHENOLPHTHALEIN. 

Ten  grams  of  phenolphthalein  was  dissolved  in  500  cubic  centi- 
meters of  alcohol  (specific  gravity  0.834),  and  the  solution  was 
diluted  to  1  Uter  with  distilled  water. 

FIFTIETH-NORMAL   POTASSIUM   ACID   SULPHATE. 

About  3  grams  of  potassium  acid  sulphate  was  dissolved  in  1  liter 
of  freshly  boiled  distilled  water.  A  portion  of  the  solution  was 
titrated  against  some  other  carefully  standardized  solution,  using 
methyl  orange  indicator,  and  the  strong  solution  was  then  diluted 
to  one-fiftieth  normal  strength  with  distilled  water.  Normal  sul- 
phuric acid,  which  had  been  tested  both  by  titration  against  alkali 
and  by  precipitation  with  barium  chloride,  was  usually  employed 
as  a  basis  for  standardization. 

POTASSIUM   CHROMATE   SOLUTION. 

The  solution  of  potassium  chromate  was  prepared  by  dissolving 
50  grams  of  the  pure  salt  in  1  liter  of  distilled  water  and  then  adding 
sufficient  silver  nitrate  to  precipitate  all  the  chlorine  present  and 
turn  the  solution  slightly  reddish.  This  was  allowed  to  stand,  and 
the  clear  solution  was  then  obtained  by  filtering  or  decanting. 
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STANDARD   SALT   SOLUTION. 

A  solution  containing  0.001  gram  of  chlorine  in  each  cubic  centi- 
meter was  made  by  dissolving  1.648  grams  of  fused  sodium  chloride 
in  1  liter  of  distilled  water  free  from  chlorine. 

STANDARD   SILVER    SOLUTION. 

In  1  liter  of  distilled  water  free  from  chlorine  was  dissolved  2 J 
grams  of  crystallized  silver  nitrate.  Water  or  strong  silver  nitrate 
was  added  to  this  solution  until  by  actual  titration  10  cubic  centi- 
meters of  it  was  equivalent  to  5  cubic  centimeters  of  the  standard 
salt  solution.  One  cubic  centimeter  of  the  solution  of  silver  nitrate 
was  then  equivalent  to  0.0005  gram  of  chlorine. 

STANDARD   NITRATE   SOLUTION. 

In  1  Uter  of  distilled  water  was  dissolved  1.63  grams  of  potassium 
nitrate.  One  cubic  centimeter  of  this  solution  contains  0.001  gram 
of  NOj.  Fifty  cubic  centimeters  of  this  strong  solution  was  cau- 
tiously evaporated  to  dryness  on  the  water  bath,  and  the  residue 
was  moistened  equally  and  thoroughly  with  2  cubic  centimeters  of 
phenolsulphonic  acid  and  was  diluted  to  1  liter  with  distilled  water. 
One  cubic  centimeter  of  this  solution  contains  0.00005  gram  of  NO,. 
The  necessary  amounts  of  this  solution,  which  was  used  as  a  standard, 
were  made  alkaline  with  ammonia  as  needed  and  were  diluted  in 
Nessler  tubes  to  100  cubic  centimeters  with  distilled  water. 

PHENOLSLXPHONIC    ACID. 

Seventy-five  grams  of  pure  melted  phenol  was  added  slowly  with 
constant  agitation  to  925  grams  of  sulphuric  acid  (specific  gravity 
1,84)  in  a  liter  flask.  The  flask,  covered  with  a  watch  glass,  was 
then  heated  on  a  water  bath  for  six  hours  to  insure  complete  sul- 
phonation  of  its  contents. 

TENTH-NORMAL    SODIUM    CARBONATE. 

A  strong  solution  of  the  purest  crystaUized  sodium  carbonate  that 
could  be  obtained  was  titrated  against  normal  sulphuric  acid  and 
diluted  to  one-tenth  normal  strength,  which  was  verified  also  by 
titration  against  N/50  potassium  acid  sulphate.  One  cubic  centimeter 
of  N/IO  sodium  carbonate  is  equivalent  to  0.0049  gram  of  sulphuric 
acid. 
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DEPARTURES  FROM  REGULAR  PROCEDURES. 
GENERAL   DEPARTURES. 

The  regular  procedures  were  followed  systematically  in  most  of  the 
analytical  work,  the  only  exceptions  being  in  some  matters  of  minor 
detail.  Calcium  and  magnesium  were  estimated  gravimetrically  for 
short  p)eriods  at  some  of  the  laboratories,  and  the  amount  of  water 
used  for  the  different  determinations,  especially  for  suspended  solids, 
was  changed  at  will  in  order  to  obtain  the  best  working  conditions. 

ANALYSES   OF   MISSISSIPPI   RIVER. 

The  daily  samples  of  water  from  Mississippi  River  at  New  Orleans 
were  united  in  sets  of  seven  instead  of  ten.  The  most  important 
departure  in  analysis  of  the  composites  was  in  regard  to  suspended 
sohds,  from  which  the  water  was  freed  by  filtering  it  with  suction 
through  Berkefeld  filter  tubes;  the  effect  of  passing  the  water  of 
Mississippi  River  through  these  stones  was  practically  negligible  so 
far  as  the  mineral  content  was  concerned,  because  large  quantities 
of  water  were  available.  The  residue  from  evaporating  100  cubic 
centimeters  of  the  filtered  water  was  dried  at  110°  C.  instead  of  180°C. 
and  was  weighed  for  total  dissolved  solids.  Silica,  oxides  of  iron  and 
aluminum,  calcium,  and  magnesium  were  determined  gravimetrically 
on  the  residue  from  2  liters  of  water,  and  from  2  to  4  liters  was  taken 
for  estimation  of  sulphates  and  the  alkalies. 

ANALYSES   OF   ANDROSCOGGIN   RIVER. 

Spot  samples  were  collected  weekly  from  Androscoggin  River,  and 
the  small  amount  of  mineral  matter  in  the  water  necessitated  several 
refinements  in  method.  The  water  was  nearly  free  from  suspended 
matter  except  flocculent  particles,  from  which  a  clear  liquid  was  de- 
canted after  sedimentation.  Three  liters  of  the  clear  water  was 
evaporated  to  dryness,  and  the  residue  was  dried  below  red  heat  till 
it  became  white,  before  it  was  weighed.  It  was  then  treated  with 
hydrochloric  acid ;  and  silica,  oxides  of  iron  and  aluminum,  and  cal- 
cium were  determined  gravimetrically.  One-half  the  filtrate  was 
used  for  gravimetric  estimate  of  magnesium  and  the  other  half  for 
gravimetric  estimate  of  sulphates  and  alkalies.  Sodium  and  potas- 
sium were  separated  by  treatment  with  platinic  chloride.  The  car- 
bonate and  bicarbonate  radicles  were  not  estimated;  consequently 
no  values  have  been  reported  for  them.  The  amount  of  bicarbonates 
equivalent  to  the  average  excess  of  the  bases  over  sulphates  and 
chlorine  in  this  water  is  20  parts  per  million,  which,  added  to  the  sum 
of  the  dissolved  constituents  that  were  estimated,  gives  48  parts  per 
million.     The  latter  figure  is  probably  more  nearly  comparable  with 
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the  figures  representing  total  dissolved  solids  at  180*^  C.  than  the 
average  of  the  determinations  of  the  residue  reported  on  page  48., 

ANALYSES   OF  SOUTHERN   RIVERS. 

Some  river  waters  of  the  Southeastern  States  are  characterized  at 
certain  seasons  of  the  year  by  suspended  matter  so  finely  divided  that 
ordinary  methods  of  filtration  fail  to  remove  it,  and  as  a  consequence 
much  trouble  was  experienced  in  obtaining  a  clear  filtrate  for  deter- 
mination of  the  dissolved  constituents.  The  diflSculty  was  finally 
overcome  by  treatment  with  aluminum  hydrate  as  described  on  page 
14,  but  between  November,  1906,  and  June,  1907,  the  procedure  in 
the  following  paragraph  was  used  for  waters  of  this  character. 

A  convenient  amount  of  the  samples  was  filtered  through  an  asbes- 
tos mat  in  a  Gooch  crucible  for  the  determination  of  suspended  matter, 
and  the  filtrate,  clarified  later  if  necessary,  was  used  for.  estimation  of 
nitrates,  chlorine,  carbonates,  and  bicarbonates.  A  much  clearer 
liquid  was  obtained  by  filtering  750  cubic  centimeters  of  the  sample 
through  a  mat  of  ashless  paper  pulp  in  a  Gooch  crucible,  and  the 
amount  of  suspended  iron  in  the  residue  on  the  mat  was  determined 
volumetrically.  Two-thirds  of  the  filtrate  was  evaporated  to  dry- 
ness in  acid  solution  in  a  porcelain  dish,  and  the  residue  was  used  for 
estimation  of  silica,  iron,  calcium,  and  magnesium.  One-third  of  the 
filtrate  was  evaporated  to  dryness  without  acid  in  a  platinima  dish, 
and  the  residue  was  dried  and  weighed  for  determination  of  dissolved 
solids,  after  which  it  was  used  for  estimation  of  sulphates  and  alkalies. 

PROBABLE  ACCURACY  OF  ESTIMATES. 

THEORETICAL  LIMITS  OF  ACCURACY. 

The  theoretical  limits  of  accuracy  in  the  procedures  have  been 
estimated  by  consideration  of  the  amounts  of  water  used  for  the 
determinations,  the  probable  accuracy  of  the  balances,  burettes,  and 
standard  solutions  that  were  employed,  the  impurities  in  the  reagents, 
and  the  manipulative  errors  to  which  the  results  were  subject. 
Such  estimates  of  accuracy,  apart  from  some  influences  that  may  be 
computed  mathematically,  are  more  or  less  approximate,  because  the 
magnitude  of  the  errors  may  perhaps  be  decreased  by  practicing,  or 
increased  by  failing  to  practice,  certain  refinements  in  the  analytical 
methods;  but  they  are  introduced  for  the  purpose  of  showing  the 
number  of  figures  that  may  be  significant  in  the  results.  The  prob- 
able limits  of  accuracy  are  given  in  Table  3,  in  which  the  first  column 
gives  the  name  of  the  determination,  the  second  column  the  amount 
of  water  usually  taken,  and  the  third  colunm  the  theoretical  mini- 
mum amount  that  can  be  estimated  with  any  precision  when  the  con- 
stituent is  present  in  comparatively  small  amount.  The  minimum 
of  accurate  estimate  increases  with  the  actual  mass  of  the  substance. 
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Name  of  detemiiiiaUoo. 


Turbidity 

Sospended  matter . , 

Total  aoUds 

Silica  (SiOi) 

Iron(Fe) 

C»ldam(Ca) 

MagnesiamCMg)... 


Amoant 

Mini- 

of water 

mum 

usually 

limit  of 

taken. 

accuracy. 

8 

1 

500 

500 

1 

500 

.6 

500 

.05 

250 

.8 

350 

.8 

Name  of  determination. 


Sodium    and    potassium 

(Na+K) 

Carbonate  radicle  (CO*) 

Bicarbonate  radicle  (lICOs).. 

Sulphate  radicle  (SO4) 

Chlorine  (CI) 

Nitrate  radicle  (NOi) 


Amount 
of  water 
usually 
taken. 


250 
50 
50 
260 
100 
50 


Mini- 
mum 
limit  of 
accuracy. 


0.5 

2.5 

2.5 

.5 

.5 

.00 


The  assigned  limits  of  accuracy  probably  err  by  being  too  smaU 
instead  of  too  large.  The  way  in  which  they  were  evolved  may  be 
illustrated  by  the  determination  of  calcium.  In  the  regular  pro- 
cedure the  calcium  in  250  cubic  centimeters  of  the  sample  is  precipi- 
tated with  anmionium  oxalate  in  alkaline  solution,  heated,  removed 
by  filtration,  dissolved  in  sulphuric  acid,  and  titrated  with  N/20 
potassium  permanganate.  The  estimate  is  subject  to  certain  errors, 
among  which  may  be  mentioned  errors  in  measuring  the  amount  of 
water  to  be  used,  in  standardizing  the  permanganate  solution,  and  in 
measuring  the  permanganate  solution;  errors  due  to  the  use  of  an 
improper  end  point,  to  organic  matter  from  the  filter  paper,  to 
organic  matter  in  the  sample,  and  to  oxalic  acid  retained  by  the  paper 
or  occluded  by  the  precipitate;  and  errors  due  to  solubility  of  calcium 
oxalate  in  the  precipitating  solution  and  to  retention  of  other  oxa- 
lates in  the  precipitate.  An  error  of  0.1  cubic  centimeter  in  measur- 
ing 10  or  20  cubic  centimeters  of  permanganate  solution,  which  is 
not  unlikely,  would  be  equivalent  to  0.4  part  per  million  of  calcium 
for  a  250  cubic  centimeter  sample.  The  filter  paper  may  contribute 
oxidizing  matter  equivalent  to  an  amount  of  permanganate  between 
0.03  and  0.10  cubic  centimeter,  averaging  0.08  cubic  centimeter,  or 
0.32  part  per  million  of  calcium.  It  would  be  surprising,  indeed,  if 
the  addition  of  the  positive  and  negative  errors  due  to  other  sources 
of  inaccuracy  did  not  contribute  an  error  equivalent  to  0.08  part  per 
million.  Consequently  the  estimate  of  calcium  in  250  cubic  centi- 
meters of  water  should  not  be  considered  accurate  within  0.8  part  per 
million  when  ordinary  amounts  of  the  substance  are  present,  and  it 
would  probably  be  in  greater  error  when  large  amounts  of  calcium 
are  present  or  when  smaller  amounts  of  water  are  used  for  the  deter- 
mination. 

It  is  probable  that  some  of  the  analytical  results  are  subject  to  even 
greater  inaccuracy.  The  estimates  in  the  third  column  of  Table  3 
are,  however,  given  more  for  the  purpose  of  demonstrating  the  limit 
to  which  reliance  should  be  placed  on  the  analyses  than  for  any  other 
purpose,  and  this  consideration  of  the  probable  accuracy  of  the  esti- 
mates leads  to  the  interesting  subject  of  the  number  of  figures  that 
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may  be  considered  significant  in  the  results.  The  committee  on 
standard  methods  of  water  analysis  of  the  American  Public  Health 
Association**  has  recommended  that  when  the  results  show  quanti- 
ties above  10  parts  per  million  no  decimals  be  reported;  that  when 
results  are  between  1  and  10  parts  one  decimal  only  should  be 
reported,  and  that  when  results  are  between  0.1  and  1  part  two  deci- 
mals only  should  be  reported.  These  rules,  though  they  were  sug- 
gested especially  for  sanitary  work,  have  much  merit  when  applied  to 
all  water  analyses;  and  if  they  were  generally  adopted  these  limita- 
tions would  render  unnecessary  much  unjustifiable  figuring  and 
would  still  leave  results  sufficiently  accurate  for  all  practical  purposes. 
The  recommendations  of  the  committee  were  adopted  in  the  present 
investigation,  and  though  they  do  not  coincide  exactly  in  all  respects 
with  the  minimum  limits  of  accuracy  recorded  in  Table  3,  it  was 
thought  best  to  follow  them  rigidly  rather  than  to  attempt  to  adjust 
the  results  of  each  determination  to  an  estimate  that  depends  more 
or  less  on  judgment  rather  than  on  accurate  determination  by  ana- 
lytical methods. 

COMPARISON  OF  THE  SUM  AND  TOTAL  SOLIDS. 

The  probable  accuracy  of  the  analyses  can  be  checked  by  compar- 
ing the  sum  of  the  constituents  with  the  figure  for  total  solids  and  by 
comparing  the  combining  weights  with  the  acids  and  the  bases  with 
each  other.  The  first  comparison  shows  the  advantage  of  drying  the 
total  residue  at  180°  C.  Some  organic  matter  is  left  in  the  residue 
at  that  temperature,  depending  largely  on  its  nature,  and  a  little 
water  sometimes  remains.  Part  of  the  carbonates  are  probably 
decomposed,  especially  if  much  silica  is  present,  and  all  the  half- 
bound  carbonic  acid  is  volatilized.  If  much  magnesium  chloride  is 
formed  in  the  residue,  part  of  the  chlorine  probably  escapes.  Usually, 
however,  these  sources  of  error  tend  to  neutralize  one  another,  and 
a  fairly  good  agreement  is  found  between  total  solids  and  the  sum  of 
the  dissolved  constituents  minus  the  half-bound  carbonic  acid.  In 
order  to  illustrate  this  point,  800  analyses  made  at  one  laboratory 
by  several  chemists  have  been  grouped  according  to  the  magnitude  of 
the  figure  representing  total  dissolved  solids,  and  the  average  differ- 
ence between  the  sum  of  the  constituents  and  this  total  has  been 
computed  for  each  group.  The  results  are  tabulated  below.  The 
last  two  lines  of  this  table  have  been  supplied  from  work  done  at 
another  laboratory  because  the  determinations  of  high  solids  at  the 
first  laboratory  were  not  sufficiently  numerous  to  justify  computa- 
tion of  averages. 

a  Public  Health  Papers  and  Reports,  Am.  Pub.  Health  Assoc.,  vol.  30,  pt.  2, 1905,  p.  26. 
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Table  4. — Average  difference  between  dissolved  solids  and  the  sum  of  the  constituents. 

(Parts  per  million.] 


Dissolved  solids. 


I 


Not  less 
than — 


Less 
than — 


50 

50 

100 

100 

200 

200 

300 

300 

400 

400 

1,000 

1.000 

Average  dif- 
ference (plus 
or  mlnu-s). 


9 
25 
60 


The  figure  for  total  solids  is  the  higher  in  more  than  90  per  cent  of 
the  analyses,  a  condition  showing  the  presence  of  organic  matter  and 
undetermined  constituents.  Ten  parts  excess  of  total  solids  is  not 
uncommon,  especially  in  highly  colored  waters,  but  10  parts  excess 
of  the  sum  of  the  constituents  is  unusual  in  waters  running  below  200 
parts  per  million  of  solids,  and  results  of  that  character  should  be 
carefully  examined  for  error.  The  excess  of  total  solids  over  the  sum 
of  the  constituents  may  be  10  to  15  parts  in  a  sample  containing  100 
to  200  parts  per  million  of  solids,  if  much  organic  matter  is  present; 
it  may  be  higher  in  highly  sulphated  or  chlorinated  waters,  especially 
with  a  high  sodium  base,  but  it  doe^  not  usually  exceed  10  to  15 
parts  in  ordinary  carbonated  waters,  even  in  thos4  containing  as 
much  as  300  parts  of  total  solids. 

The  average  differences  between  total  solids  and  the  sum  of  con- 
stituents in  analyses  of  w  aters  that  had  been  treated  with  aluminum 
hydrate  as  described  on  page  14  were  somewhat  less  than  the  differ- 
ences on  untreated  waters  from  rivers  containing  water  of  similar 
character,  and  excesses  of  the  sum  over  the  total  solids  were  some- 
what more  common.  Inasmuch  as  the  waters  treated  in  this  manner 
were  high  in  organic  matter,  most  of  which  wRvS  removed  by  the 
aluminum  hydrate,  the  facts  just  detailed  seem  to  corroborate  the 
belief  that  much  of  the  difference  between  total  solids  and  the  sum 
is  due  to  organic  matter;  but  the  evidence  on  this  point  is  not 
conclusive. 

ERROR  OF  COMBINING  VALUES. 
METHODS    OF    COMPITATIOX. 

The  accuracy  of  the  analyses  was  also  checked  by  comparing  the 
combining  weights  of  the  acidic  and  the  basic  radicles  with  each 
other.  The  constituents  ordinarily  j>resent  in  natural  w^aters  in 
appreciable  amount  were  quantitatively  determined  by  analysis; 
therefore,  the  difference  between  the  sum  of  the  combining  weights 
of  the  acidic  radicles  and  the  sura  of  the  combining  weights  of  the 
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basic  radicles  is  a  good  test  of  the  accuracy  of  the  analysis.  Eaci 
radicle  expressed  in  parts  per  million  was  multiplied  by  its  Tikaft 
and  the  product  divided  by  its  molecular  weight.     The  quotinfi  » 
the  combining  weight  of  the  radicle  in  parts  per  million ;  or  to  prffiE 
confusion  it  may  be  called  the  combining  value.     The  differefe* 
between  the  sum  of  the  acidic  and  the  sum  of  the  basic  values,  mikh 
plied  by  100,  then  divided  by  the  sum  of  all  the  values,  repreaec> 
the  percentage  of  error  of  the  combining  values.     Factors  for  o«r 
puting  the  combining  value  from  the  amount  of   the  radicle  vr 
given  in  Table  5. 

Table  6. — Factors  for  computing  combining  valtirt. 


Factor. 

• 

Factor. 

F*tr 

Iron(Fe) 

1 
0.0358  1 
.  1107  , 
.0499 
.0621 
.0434 

Potassium  (K) 

Carbonate     radicle 
(COi) 

0.02S5 
.0333 

.0104  ' 

1 

Sulphate  fmdicte(804j       »«• 

Nitrate  rad  We  (NO,i..         t 
Chlorine rCl>           .  .~        A 

Aluminum  ( Al) 

Calcium  (Ca) 

Magnesium  (Mg) 

Sodium  (Na) 

Bicarbonate     radicle 
(HCOi) 

The  method  of  computation  is  illustrated  in  Table  6,  in  which  ih 
calculations  are  made  on  an  analysis  of  Susquehanna  River. 

Table  6. — Illustration  of  methods  of  computing  probable  accuracy  ofaneiym^ 


I.  Analytical  statement. 


II.  Computation  of  error. 


Silica  (SIO,). 
Iron(Fe).... 


Parts 
million. 


Calcium(Ca) 

Magnesium  (Mg) 

Sodium  and  potassium(Na+  K). 


Carbonate  radicle  (COa) 

Bicarbonate  radicle  (HCOa)  66; 
equivalent  amount  of  CO3. 

Sulphate  radicle  (8O4) 

Chlorine(CI) 

Nitrate  radicle  (NO,) 


0.0    ! 
.05 

26        i 
6.4 
12        ' 


32.0 

42  I 
9.8  I 
7.0 


Calcium  (Ca) 

Magnesium  (Mg) 

SodTlum  and  potassium 
(Na+K). 
Acids: 

Carbonate  radicle  (COa) . . 
.  Bicarbonate  radicle 


(HCO,). 
Bulp* 


Sulphate  radicle  (SO4).... 

Chlorlne(Cl) 

Nitrate  radicle  (NO,) 


Sum  of  constituents.. 
Total  solids 


144 

142 


Percentage  of  error. 


Difference. 


+2 


Parts 
per  Factor.  1 

million.  I 


Ossi» 


26    X  aooi-iv 

6.4  X     -OKI  -   2 
12      X      .0434-2 


ao  X  aoaa  -^^ 

66      X     .0164 -1» 

I 

42  X  .09»-  C 
9,8  X  CEW-  > 
7.0  X     .OWI  -  .11 


100(2.34  -  2.34^ 
2.34  +2.34 


'--ai 


Silica  has  been  considered  to  be  present  in  colloidal  form,  and  th-^ 
is  in  accordance  with  the  generally  accepted  view,  Kahlenberg  t& 
Lincoln,"  who  are  quoted  by  Clarke,^  conclude  from  their  expwv 
ments  that  it  appears  safe  to  say  that  in  natural  waters  silica  alwip 

a  Kahlenberg,  L.,  and  Lincoln,  A.  T.,  Solutions  of  silicates  of  the  alkalies:  Jour.  Phys.  Chen.,  vii  • 
18Q8,  p.  77. 
5  Clarke,  F.  W.,  The  data  of  geochemistry:  Bull.  U.  S.  Oeol.  Survey  No.  330, 1806,  p.  IM. 
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occurs  in  the  colloidal  state,  and  Kohlrausch"  and  other  investiga- 
tors make  practicaUy  the  same  statement.  Iron  and  aluminum  have 
been  treated  as  bases  in  waters  containing  free  mineral  acids  and  as  if 
present  in  colloidal  state  in  all  other  waters.  The  omission  or  addi- 
tion of  iron  in  the  bases  makes  no  practical  difference  in  the  calcu- 
lated error  of  nearly  all  the  analyses,  and  aluminum  was  usually  not 
estimated. 

Sodium  and  potassium  have  been  computed  as  if  no  potassium 
were  present — that  is,  the  alkalies  have  been  computed  from  the 
weight  of  the  combined  chlorides  by  using  the  molecular  weight  58. 
That  this  disregard  of  potassium  in  analyses  of  ordinary  river  waters 
introduces  a  negligible  error  may  be  demonstrated  mathematically 
as  follows.  The  ratio  of  sodium  to  potassium  determined  on  103 
composite  samples  of  river  water  is  between  1.8  and  31.2,  averaging 
5.1,  and  the  assumption  that  the  ratio  equals  2  allows  practically  a 
maximum  value  for  potassium.  If  Na/K  =  2,  the  error  expressed  in 
percentage  of  the  calculated  combining  value  of  the  alkaUes  is  given 
in  the  following  equation,  in  which  x  equals  the  amount  of  potassium 
in  parts  per  million: 

39.4 X 0.0434 (2.54 X 2a; -fl. 90a;)  - 4.34 X2g-2.55x_^^ 
0.394  X  0.0434  (2.54  X  2a; -f  1.90a;) 

If  it  is  assumed  that  Na/K  equals  5  the  error  is  2.8  per  cent  of  the 
combining  value  of  the  alkalies.  Furthermore,  as  high  alkaUes  are 
usually  accompanied  by  high  ratios,  it  is  doubtful  whether  a  river 
with  sodium  and  potassium  as  high  as  15  per  cent  of  the  combining 
values  would  have  a  ratio  as  low  as  5.  In  fact,  the  assumptions  that 
the  combining  value  of  Na+K  equals  18  per  cent  of  the  total  com- 
bining weights  and  that  the  ratio  Na/K  equals  2  probably  represent 
extreme  and  very  unusual  conditions,  and  even  under  such  conditions 
the  error  introduced  by  using  the  molecular  weight  of  sodium  chloride 
is  only  1  per  cent. 

On  the  other  hand,  the  calculation  of  potassium  as  such  when  the 
true  ratio  is  known  increases  the  sum  of  the  constituents.  If  x  equals 
the  ratio  Na/K  the  ratio  of  the  true  value  of  Na4-  K  to  the  calculated 
value  of  Na-hK  becomes 

g-hl 
x+0.75' 

In  other  words,  the  calculated  value  for  sodium  and  potassium  is 
always  less  than  the  true  value,  and  the  difTerence  between  the  two 
is  greater  as  x  decreases.  But  this  error  also  is  negUgible  in  nearly 
all  analyses.     Other  elements  either  not  included  in  the  estimates 

•  KoMraoBoh,  F.,  ttber  Lasungen  von  NatrluznsilJkaten:  Zeltschr.  physlkal.  Chemie,  vol.  12, 1893,  p.  773. 
8464— IBB  236-09 3 
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or  disregarded  in  the  computations,  such  as  barium,  strontium, 
lithium,  manganese,  and  phosphates,  are  probably  present  in  quan- 
tities so  small  that  they  have  no  appreciable  effect  on  the  calcula- 
tions. Organic  acids,  which  were  not  estimated,  are  an  important 
exception  to  this  statement,  and  they  probably  account  for  many  of 
the  computed  excesses  of  bases  over  acids. 

An  important  feature  to  be  considered  in  discussing  the  probable 
accuracy  of  the  analyses  is  the  limit  of  accuracy  of  the  individual 
determinations.  The  specimen  analysis  in  Table  6  has  142  parts 
per  million  of  total  solids  and  the  computed  percentage  of  error  of 
the  combining  values  is  zero.  If,  however,  each  radicle  were  in 
error  by  the  amount  given  in  Table  2  as  the  limit  of  accuracy  in  deter- 
mination an  error  of  4  per  cent  would  accrue;  but  as  this  theoretica- 
maximum  error  is  based  on  the  assumption  that  eight  figures  may 
attain  the  maximum  deviation  in  a  given  direction  in  the  same 
analysis,  the  probabilities  of  its  occurrence  are  small.  When  the 
error  of  combining  values  is  as  high  as  this  or  higher  it  is  usually  the 
case  that  one  or  two  constituents  deviate  by  an  amount  more  than 
the  theoretical  limit  of  accuracy  while  the  other  radicles  are  rela- 
tively constant.  The  percentage  of  error  due  to  this  source  varies 
inversely  with  the  sum  of  the  constituents;  in  other  words,  it  is  greater 
with  low  total  solids  and  less  with  high  total  solids.  It  also  changes 
somewhat  with  changes  in  the  relative  composition  of  the  residue. 
It  is  interesting  to  note  in  this  connection  that  the  computations  of 
800  analyses  made  at  one  laboratory  give  3.9  per  cent  as  the  average 
error  of  the  combining  values,  with  an  average  of  total  solids  of  130 
parts  per  million,  figures  coinciding  almost  exactly  with  the  theoretical 
estimates. 

RELATION   BETWEEN   TOTAL  SOLIDS   AND  PERCENTAGE  OP  ERROR. 

Though  part  of  the  analyses  made  in  accordance  with  the  regular 
methods  are  reported  in  this  paper  only  by  averages,  it  is  deemed 
proper  to  discuss  the  errors  of  all  in  this  section  because  of  the 
amount  of  available  material.  The  analyses,  irrespective  of  the 
source  from  which  the  waters  were  taken  and  the  laboratory  in 
which  the  analyses  were  made,  have  been  grouped  according  to 
the  amount  of  total  solids,  and  the  percentages  of  error  of  the  com- 
bining values  have  been  averaged  by  groups.  The  results  of  these 
computations  are  presented  in  Table  7.  Practically  all  the  analjrses 
were  made  with  the  regular  amounts  of  water,  and  those  in  which 
greater  or  less  amounts  were  used  are  so  few  that  they  do  not  affect 
the  results. 


Digitized  by  VjOOQIC 


ACCXTBACY  OP  ESTIMATES. 


35 


Tablb  7. — Percentage  of  errors  of  combining  values  grouped  according  to  the  amount  of 

dissolved  solids. 


Dissolved  soUds 
(parts  per  inUllon). 

Number 
ses. 

Average 
error  of 

combining 
weights 

(per  cent). 

Not  less 
than— 

Less 
than— 

50 
100 
200 
300 
400 
500 
1,000 
2,000 

65 
844 
713 
907 
451 
137 
134 

70 

6.5 
5.3 
4.5 
3.1 
2.9 
2.8 
2.6 
1.6 

50 
100 
200 
300 
400 
500 
1,000 

3,321 

The  average  error  computed  for  the  entire  number  of  3,321 
analyses  is  3.9  per  cent,  with  an  average  of  dissolved  solids  of  230 
parts  per  million.  The  average  errors  of  the  several  groups  range 
from  6.5  per  cent  for  solids  below  50  parts  to  1.6  per  cent  for  solids 
between  1,000  and  2,000  parts  per  million,  and  the  magnitude  of 
the  error  decreases  with  increase  of  dissolved  solids,  A  compara- 
tively small  number  of  very  large  errors  make  the  averages  some- 
what higher  than  they  otherwise  would  be,  nearly  two-thirds  of  the 
analyses  having  errors  smaller  than  the  averages  of  their  respective 
groups.  In  60  per  cent  of  the  analyses  the  bases  are  in  excess,  but 
this  preponderance  of  positive  errors  is  confined  almost  entirely  to 
waters  in  which  the  dissolved  solids  are  le>ss  than  250  parts  per 
million  and  is  not  great  enough  to  be  especially  significant.  The 
significance  of  the  average  error  of  3.9  per  cent  with  230  parts  per 
million  of  dissolved  solids  can  better  be  realized  when  it  is  considered 
that  if  it  were  all  concentrated  in  a  single  determination  it  would 
amount  to  only  14  parts  of  bicarbonates,  5  parts  of  calcium,  or  3 
parts  of  magnesium.  It  corresponds  to  an  average  error  in  the  indi- 
vidual determination  of  about  4  per  cent,  which  is  far  within  the 
limits  of  ordinary  practice.  In  consideration  of  the  relatively  small 
amounts  of  substance  that  may  cause  these  errors,  it  may  be  con- 
cluded that  the  procedures  are  sufficiently  accurate  for  the  practical 
analysis  of  waters  for  purposes  of  geologic  and  industrial  interpreta- 
tion. 

As  the  procedures  were  used  in  several  laboratories,  an  opportunity 
is  afforded  for  observing  their  general  availability  in  the  hands  of  dif- 
ferent chemists.  The  average  percentage  errors  for  several  analysts 
were  between  3.2  and  5.3  per  cent.  These  figures  are  complicated 
by  the  fact  that  the  difference  in  quality  of  the  waters  at  various 
laboratories  affected  somewhat  the  accuracy  of  the  determinations; 
nevertheless  the  highest  average  error  coincides  with  the  lowest 
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average  of  total  solids,  and  the  lowest  average  error  with  the  highest 
average  of  total  solids;  in  other  words,  the  errors  of  analysis  of  dif- 
ferent chemists  follow  nearly  the  same  order  shown  in  Table  7,  and 
depend  more  on  the  quality  of  the  water  than  on  the  personal  equa- 
tion of  the  analyst. 

RELATION  BETWEEN  SOURCE  AND  PERCENTAGE  OP  ERROR. 

After  the  analyses  had  been  tabulated  by  rivers,  the  average  per- 
centage of  error  of  the  individual  analyses  of  water  from  each  river 
was  computed.  Then,  by  applying  the  criteria  for  rejecting  esti- 
mates (see  p.  38),  abnormal  figures  in  the  analyses  were  detected  and 
omitted  from  the  tabulations,  and  the  remaining  figures  in  each  set 
were  averaged  in  order  to  show  the  average  condition  of  the  waters, 
the  average  percentage  error  of  the  individual  analyses,  the  percent- 
age of  error  of  the  averages,  and  the  average  total  dissolved  solids  of 
each  river.  The  plus  signs  in  the  last  column  of  the  following  table 
indicate  that  the  bases  are  in  excess,  and  the  minus  signs  indicate 
that  the  acidic  radicles  are  in  excess : 

Table  8. — Average  percentage  oferron  of  combining  weigJUs. 


Source  (river,  ex- 
cept as  noted). 


Bratos 

Wabash 

Arkansas 

Red 

Minnesota 

Missouri 

White 

Platte 

Missouri 

Missouri 

Wabash 

Des  Moines 

Platte 

Maumee 

North  Platte... 

Miami 

White 

Grand 

Iowa 

Muskingum — 

Kalamaxoo 

Cedar 

Mississippi 

Mississippi 

Youghlogheny. 

Mississippi 

Shenandoah 

St.  Lawrence... 

Lake  Erie 

Potomac 

Cumberland 

Tennessee 

Cumberland 

Lake  Michigan. 
SusQuehanna... 

Huason 

Lake  Huron 

Kentucky 


Sampling  station. 


Waco,  Tex 

Logansport,  Ind . 
Little  Rock,  Ark. 
Shreveport,  La. 
Sliakopee,  Minn 
Florence,  Nebr.. 
Indianapolis.  Ind 
Columbus.  Nebr. . . 
Kansas  City,  Kans 

Ruegg,Mo 

Vincennes,  Ind 
Keosauqua,  Iowa 
Fremont,  Nebr.. 

Toledo,  Ohio 

North  Platte,  Nebr 
Dayton,  Ohio 
Azalia,  Ind . . . 
Grand  Rapids,  Mich 
Iowa  Citv,  Iowa 
Zanesvilfe,  Ohio 
Kalamazoo,  Mich 
Cedar  Rapids,  Iowa 
Memphis,  Tenn... 
Minneapolis,  Minn 
McKeesport,  Pa. 
New  Orleans.  La. 
MiUville,W.Vi 

Ogdensburg.  N.  Y 

Buffalo,  N.Y.... 
Cumberland,  Md. 
Kuttawa,  Kv . . . 
Knoxville,  Tenn 
Nashville,  Tenn. 
St.  Ignace,  Mich 

Danville,  Pa 

Hudson,  N.  Y 
Port  Huron,  Mich 
Frankfort,  Ky.., 
GilbertsviUe.  Ky 


a  Double  portions  of  water  used  for  analysis. 
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Table  8. — Average  percentage  oferron  of  combining  weights — Continued. 


Sooroe  (river,  ex- 
cept as  noted). 


Wiaconsln . . . 

Lehi£h 

Tomolgbee.. 

Chippewa 

Susquehanna 

James 

ny 

Alabama 

Oostanaula... 
Monongahela . 

RoanoKe 

Oswegatchle.. 

Cahabe 

Susquehanna. . 

Wateree 

Neuse 

Dan 

Delaware 

Ocmulgee 

Pedee 

Oconee 

Flint 

Saluda 

Savannah 

Lake  Superior 

Peari 

Cape  Fear 

Chattahoochee 
Androeooggin . 


Sampling  station. 


Average 
total  dis- 
solved 
solids 
(parts  per 
miUIon). 


Average 
percentage 
of  error  of 
individual 

analyses. 


Portage.  Wis 

South  Bettilehem,  Pa. . 

Epes.  Ala 

Eau  Claire,  Wis 

West  PIttston,  Pa 

Richmond.  Va 

Kittanning.  Pa 

Bound  Brook,  N.J 

Selma,  Ala 

Rome,  Ga 

Elisabeth,  Pa 

Randolph,  Va 

OgdensDurg,  N.  Y 

Birmingham,  Ala 

WiUiamsport,  Pa 

Camden,B.C 

RaIeigh,N.C 

South  Boston,  Va 

LambertvIUe,  N.  J 

Macon,  Oa 

PeeDee,N.C 

Dublin,  Oa 

Albany,  Oa 

Columbia,  8.0 

Augusta,  Ga 

Samt  Ste.  Marie,  Mich . 

Jackson,  Miss 

Wilmington,  Del 

West  Point,  Oa 

Brunswick,  Me 


98 
96 
94 
90  , 
90 
89  I 
87  ! 
85 
82 
82 
81 
79 
77  I 
76  ' 
74  , 
73  I 
73  I 
71  I 
70 
69 
69  ; 
68 
67 
62 
60 
a60 
59 
57 
52 
48 


9.8  < 
3.6 
5.3 
11.8  I 
4.3  1 
3.7 
2.5 
4.0 
7.3 
4.5 
4.5 
3.5 
7.2 
6.2 
5.7  , 
4.8 
4.7 
4.0 
5.5 
5.0 
3.4 
5.0 
6.9 
5.1 
6.6 
2.0 
3.6 
4.4 
5.8 


I 


Percentage 
of  error  of 
average. 


+  8.1 
+  1.0 
+  5.7 
+10.0 

-  0.3 
+  0.4 
+  2.1 
+  2.0 
4-  6.3 
+  9.0 

-  0.4 

-  0.4 
+  4.9 
+  6.0 
+  0.9 
+  5.1 
+  1.0 

-  1.4 
+  0.4 
+  8.5 

9.1 


+  3.9 


+  11.7 
+  1.5 
+  4.4 
+  3.0 
+  8.5 


a  Double  portions  of  water  used  for  analysis. 

The  average  percentage  of  error  of  the  combming  values  in  the 
individual  analyses  increases  inversely  with  the  total  solids,  with  few 
exceptions,  as  might  be  anticipated  from  the  results  in  Table  7.  The 
percentages  of  error  of  the  averages  do  not  bear  any  fixed  relation  to 
the  percentages  of  error  of  the  individual  analyses,  except  that  the 
former  are  usually  smaller.  This  decrease  is  due  partly  to  the 
elimination  of  abnormal  estimates  before  computing  the  averages, 
but  calculation  of  averages  without  omitting  any  figures  has  proved 
that  only  a  small  part  of  the  decrease  is  due  to  that  factor,  and  it  is 
reasonable  to  conclude,  therefore,  that  a  portion  of  the  error  is  vari- 
able. A  considerable  part  of  the  difference  between  the  error  of  the 
average  and  the  error  of  the  individual  analyses  is  caused  apparently 
by  variable  manipulative  errors  that  tend  to  neutralize  each  other 
in  the  average.  A  few  of  the  rivers,  notably  the  Oswegatchie  at 
Ogdensburg,  N.  Y.,  the  Delaware  at  Lambertville,  N.  J.,  the  Chip- 
pewa at  Eau  Claire,  Wis.,  and  the  Wisconsin  at  Portage,  Wis.,  have 
high  percentages  of  error  of  the  individual  analyses,  and  all  except 
Delaware  River  have  high  positive  errors  in  the  averages.  The  errors 
of  nearly  all  the  analyses  of  water  from  these  four  rivers  are  positive ; 
that  is,  the  bases  are  higher  than  the  acids.     It  is  significant  that  all 
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these  rivers  are  high  in  organic  matter  of  vegetable  origin,  and  pos- 
sibly organic  acids  are  present  in  equiUbrium  with  a  portion  of  the 


RELATION  BETWEEN  AMOUNT  OP  WATER  AND  PEROENTAGE  OP  ERROR. 

Regular  amounts  of  water  for  the  individual  determinations  were 
used  in  most  of  the  analyses  that  have  been  discussed.  Double  the 
regular  amounts  were,  however,  used  in  the  analyses  of  60  waters 
from  the  Great  Lakes  and  from  St.  Lawrence  River,  and  half  the 
regular  amounts  were  used  for  600  waters,  the  errors  of  which  are 
not  included  in  Tables  6  and  7.  The  average  percentage  of  error  of 
combining  values  of  the  lake  waters  is  1.4  per  cent,  and  the  average 
of  dissolved  solids  is  111  parts  per  million.  The  same  figures  for 
analyses  made  with  the  usual  amounts  of  water  are  3.7  and  230, 
respectively,  and  the  corresponding  averages  for  analyses  made  with 
half  the  regular  amounts  of  water  are  5.3  and  650.  Though  the 
lakes  contain  very  clear  carbonated  waters  with  little  organic  matter 
in  them  and  the  waters  in  the  last  set  are  high  in  fine,  gummy  sus- 
pended matter  which  complicates  the  analysis,  yet  the  figures  just 
given  indicate  a  relation  between  the  amount  of  water  that  is  used 
and  the  percentage  of  error  of  the  analysis,  thus  giving  additional 
evidence  in  favor  of  the  conclusion  that  the  errors  have  a  large  vari- 
able proportion.  General  experience  in  the  laboratory  has  shown 
that  it  is  better  to  use  double  portions  of  water  when  dissolved  solids 
are  less  than  70  parts  per  million  and  to  run  duplicate  determinations 
with  smaller  amounts  of  water  when  dissolved  solids  exceed  600 
parts  per  million. 

REJECTION   OF  ANALYSES. 


Table  9  shows  the  bases  on  which  analyses  or  parts  of  analyses 
were  rejected.  The  limits  have  been  fixed  in  accordance  with 
theoretical  computations  and  experience  gained  in  practical  work. 


Table  9. — Criteria  for  rejecting  analytical  data. 


Parts  I 
Dissolved  solids. 

»er  million. 

Percent. 

Maximum 
excess  of 

Maximum 
excess  of 

sum  of  con- 
stituents 

over  total 

dissolved 

soUds. 

Maximum 
error  of 

combining 
values. 

Not  less 
than- 

Less 

than— 

total  dis- 
solved 
solids  over 
sum  of  con- 
stituents. 

50 

100 

200 

500 

1,000 

2,000 

15 
20 
30 
40 
60 

5 
6 
8 
12 

15 

50 
100 
200 
500 
1,000 
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Analyses  exceeding  these  limits  should  be  subjected  to  careful 
scrutiny;  and  doubtful  estimates  should  be  either  repeated  or  re- 
jected. Due  allowance  should  be  made  for  organic  matter  that  may 
be  present;  and  an  excess  of  the  sum  of  the  constituents  over  dis- 
solved solids  should  be  more  carefully  scrutinized  than  the  opposite 
condition. 

METHOD  OF  EXPRESSING  ANALTTICAL.  RESULTS. 

STATEMENT  IN  PARTS  PER  MILLION. 

The  results  of  the  analyses  in  this  paper  are  stated  in  parts  per 
million;  and  though  the  amounts  of  water  for  examination  were 
measured  by  volume  the  mineralization  is  usually  so  low  that  the 
figures  may  be  considered  to  represent  parts  per  million  by  weight. 
Simplicity  of  computations,  avoidance  of  fractions,  and  certainty  of 
the  basic  unit  make  this  decimal  system  especially  satisfactory  for 
practical  purposes.  Expression  of  the  results  of  water  analyses  in 
parts  per  million  has  been  generally  adopted  by  sanitary  and  research 
chemists  and  by  many  technical  chemists,  and  the  exclusive  employ- 
ment of  this  unit  industrially  is  delayed  only  by  more  or  less  objec- 
tionable precedent. 

For  the  convenience  of  those  who  may  desire  to  transfer  the  re- 
sults in  this  volume  to  other  forms  of  expression  it  may  be  stated 
that  an  amount  in  parts  per  milUon  multiplied  by  0.058  gives  the 
equivalent  in  grains  per  United  States  gallon  of  231  cubic  inches; 
multiplied  by  0.07  gives  the  equivalent  in  grains  per  imperial  gal- 
lon, and  multipUed  by  0.00833  gives  the  equivalent  in  pounds  per 
thousand  gallons. 

STATEMENT  IN  IONIC  FORM. 

The  analytical  methods  commonly  applied  to  the  examination  of 
water  permit  the  estimation  of  the  elements  and  radicles  that  are 
present.  They  also  enable  the  determination  of  the  total  amount 
of  mineral  matter  in  solution,  and  by  the  treatment  with  dilute  alco- 
hol employed  by  Dudley,**  the  Kennicott  Water  Softener  Com- 
pany, *  and  others  they  allow  more  or  less  approximate  separation 
of  the  incrusting  from  the  nonincrusting  constituents.  But,  fur- 
ther than  this,  ordinary  chemical  tests  contribute  little  to  knowledge 
regarding  the  chemical  composition  of  mineral  waters,  and  conse- 
quently the  exact  amounts  of  the  different  salts  in  solution  are  largely 
matters  of  conjecture.  In  an  ordinary  mineral  water,  for  instance, 
it  is  customary  to  determine  by  analysis  the  amounts  of  the  several 
ingredients — siUca,  iron,   aluminum,  calcium,  magnesium,  sodium, 

•  Penonal  communication  from  Dr  C.  B.  Dudley,  chief  chemist,  Pennsylvania  Lines. 

*  Msthod  of  water  analysis,  published  by  the  Kennicott  Water  Softener  Company,  Chicago  Heights,  111. 
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potassium,  the  carbonate,  bicarbonate,  sulphate,  and  nitrate  radi- 
cles, chlorine,  and  other  bases  and  acids  that  it  may  be  desirable  to 
estimate;  but  the  salts  like  sodium  chloride,  potassium  carbonate, 
or  magnesium  sulphate  are  not  determined  as  such,  and  though 
salts  are  probably  present  in  solution  the  analytical  data  are  insuffi- 
cient to  permit  the  apportionment  of  the  bases  among  the  acids. 

According  to  the  dissociation  theory  advanced  by  Arrhenius  and 
supported  by  the  exhaustive  researches  of  physical  chemistry,  a 
salt  in  solution  becomes  more  or  less  thoroughly  ionized,  and  its 
ingredients  exist  not  only  in  molecular  condition  but  also  in  the 
ionic  state,  the  extent  of  dissociation  being  dependent  on  the  nature 
of  the  salt  and  on  other  factors.  All  the  bases  present  are  in  equi- 
librium, more  or  less,  with  all  the  acids,  but  with  information  only 
as  to  the  amount  of  the  elements  and  radicles  that  are  in  a  natural 
water  it  becomes  mathematically  impossible  to  calculate  the  cor- 
rect amounts  of  the  different  salts  in  solution.  Yet  many  water 
analysts  have  been  accustomed  to  make  such  combinations  in  ac- 
cordance with  rules  that  may  appear  reasonable  or  advisable  at  the 
time.  As  such  rules  are  necessarily  arbitrary  in  their  nature,  how- 
ever, reports  by  different  analysts  are  frequently  so  widely  divergent 
in  form  as  to  be  incapable  of  comparison  with  each  other.  As  Clarke,* 
has  so  aptly  stated  it,  *'The  result  is  a  meaningless  chaos  of  assump- 
tions and  uncertainties.''  Reference  to  directions  given  by  various 
authors''  shows  the  divergence  of  practice  in  uniting  the  bases  and 
acids  when  combinations  are  computed,  and  it  suggests  the  com- 
plications that  occur  in  practice.  Handy  *^  has  called  particular 
attention  to  the  confusion  in  methods  of  computation,  and  McGill,^ 
Kimberley,*  and  others  also  mention  it. 

There  is  at  present  a  well-defined  desire  among  chemists  to  break 
away  from  the  misleading  conventions  imposed  by  statement  in 
combinations  by  presenting  and  discussing  analytical  data  in  a  form 
that  avoids  as  far  as  possible  the  personal  equation  of  the  analyst. 
Haywood  and  Smith  ^  have  proposed  for  classifying  on  the  ionic 
basis  mineral  waters  in  respect  to  their  therapeutic  action  a  scheme 
that  will  undoubtedly  be  entirely  practicable  with  some  additions 
and   modifications  suggested   by  its  extended   use.     A  system,  of 

o  Clarke,  F.  W.,  The  data  of  geochemistry:  Bull.  U.  8.  Oeol.  Survey  No.  330, 1908,  p.  54. 

^Walter,  Q.,  and  Gartner,  A.,  Tiemann-Q&rtner's  Uandbuch  der  Wasser,  Braunschweig,  4th ed.,  ISSB, 
p.  357.  Fresenius,  C.  R.,  Quantitative  chemical  analysis,  2d  American  ed.,  1897,  p.  074.  StiUman.  T.  B., 
Engineering  chemistry,  1897,  p.  05.    Wanklyn,  J.  A.,  Water  analysis,  9th  ed.,  1804,  p.  110. 

c  Ilandy,  J.  O.,  Water  softening:  Eng.  News,  vol.  61,  1904,  p.  500;  also  Proc.  Eng.  Soc.  Western  Pemi- 
sylvania,  vol.  19, 1903,  p.  659. 

d  McOill,  Anthony,  Boiler  feed  waters:  Bull.  Am.  Ry.  Eng.  and  Maintenance  of  Way  Assoc.  No.  6, 1905, 
p.  612. 

<Kimberley,  A.  E.,  The  chemical  phases  of  a  water-softening  problem:  Jour.  Infect.  DIs.,  Suppl.  No.  1, 
May,  1905,  p.  157. 

/  Haywood,  J.  K.,  and  Smith,  B.  H..  Mineral  waters  of  the  United  SUtes:  Bull.  Bur.  Chem.,  U.  S. 
Dept.  Agr.,  No.  91,  1905,  p.  9. 
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formulas  evolved  by  Stabler**  and  based  on  the  ionic  form  reduces 
the  classification  of  waters  for  steaming  and  for  general  industrial 
use  to  mathematical  certainty  and  makes  it  apparent  that  the  funda- 
mental data  obtained  by  actual  analysis  are  sufficient  for  determining 
the  value  of  a  natural  water  and  for  estimating  the  cost  of  purifying  it 
in  general  industrial  operations.  Further  evidence  of  the  desire  to 
eflFect  a  reform  in  the  methods  of  reporting  water  analyses  is  furnished 
by  the  resolutions  adopted  by  scientific  associations.  As  early  as 
1886  a  committee  *  appointed  by  the  Chemical  Society  of  Washing- 
ton recommended  that  all  analyses  of  water  should  be  stated  in 
terms  of  the  radicles  found,  whether  elementary  or  compound,  mean- 
ing thereby  the  immediate  results  of  the  actual  analysis ;  and  though 
the  committee  recommended  that  the  combinations  deemed  most 
probable  by  the  chemist  making  the  analysis  should  also  be  stated, 
they  were  careful  to  avoid  any  recommendation  as  to  the  manner  of 
combining  the  analytical  results,  because  the  views  of  chemists  would 
probably  differ  so  much  in  that  respect.  The  report  of  this  com- 
mittee was  adopted  by  section  C  of  the  American  Association  for  the 
Advancement  of  Science  in  ISST,""  but  two  years  later  a  committee 
of  the  British  Association  for  the  Advancement  of  Science,'^  while 
agreeing  with  the  American  Association  in  reporting  the  analytical 
data  obtained  by  direct  determination,  disapproved  the  statement 
of  the  mineral  ingredients  combined  as  salts.  Since  that  time  many 
other  scientific  organizations  in  America  and  in  Europe  have  recom- 
mended the  statement  of  the  actual  results  instead  of  the  combina- 
tions deduced  by  the  chemist.  At  the  Fifth  International  Congress 
of'  Applied  Chemistry '^  in  1903,  the  discussion  of  two  papers  on 
methods  of  expressing  the  results  of  a  water  analysis  indicated  that 
many  of  the  chemists  favored  the  ionic  form  of  statement,  and  at  the 
Sixth  International  Congress  Christomanos-^  recommended  that  the 
simple  statement  of  the  acidic  and  basic  ions  in  parts  per  million  be 
made  in  all  water  analyses. 

The  ionic  form  of  statement  appeals  particularly  to  the  analytical 
chemist  because  it  affords  an  opportunity  of  stating  results  that  can 
be  checked  for  their  accuracy  by  persons  other  than  those  making 
the  tests.  When  hypothetical  combinations  are  made,  one  of  three 
methods  of  procedure  is  usually  followed — (1)  all  the  bases  and  acids 
except  the  alkaUes  present  in  appreciable  amount  are  estimated,  and 
the  excess  of  acids  is  computed  to  an  equivalent  of  sodium  and 

a  Stabler,  Herman,  The  mineral  analysis  of  water  for  industrial  purposes  and  its  interpretation  by  the 
engineer:  Eng.  News,  vol.  60,  1908,  p.  355. 

b  Ball.  Chem.  Soc.  Washington  No.  2,  1887,  p.  35. 

«  Chem.  News,  vol.  56,  1887,  p.  113. 

d  Chem.  News,  vol.  60, 1889,  p.  203. 

«  Bericht  V.  Intematfonaler  Kongress  fiir  angewandte  Cbemie,  vol.  1,  1903,  p.  261. 

/  Chrlstomanos,  A.  C,  Bericht  iiljer  die  .\rl)eiten  der  VI.  Unter-Kommisslon  der  Intemationalen  Analy- 
seo-Kommlsiion:  Atti  del  VI.  Congresso  Intemazionale  di  Chimica  Applicata,  vol.  7,  1907,  p.  213. 
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potassium  salts;  or  (2)  all  the  bases  and  acids  except  the  carbonates 
are  estimated,  and  the  excess  of  bases  computed  to  an  equivalent  in 
carbonates;  (3)  if  all  the  bases  and  acids  are  determined;  it  is  neces- 
sary to  '* doctor''  the  figures  of  the  hypothetical  combinations  in 
order  properly  to  balance  the  bases  and  the  acids.  These  methods  of 
procedure  effectively  conceal  errors  of  technique  and  leave  it  entirely 
to  the  judgment  of  the  analyst  whether  his  error  of  closure  is  too 
great  or  too  little,  and  the  evidence  on  which  his  judgment  is  based 
is  completely  masked  because  the  hypothetical  combinations  show 
no  error  at  all.  On  the  other  hand,  the  ionic  form  of  statement, 
because  it  gives  the  determined  elements  and  radicles,  makes  it  pos- 
sible to  balance  the  acids  against  the  bases  and  to  determine  the 
probable  accuracy  of  the  work. 

In  brief,  it  may  be  said  that  the  ionic  form  of  presenting  the 
results  of  an  analysis  of  a  mineral  water  gives  a  statement  of  facts 
and  not  of  opinion.  The  form  is  entirely  practical  and  presents 
the  actual  results  for  the  consideration  and  criticism  of  persons 
other  than  those  making  the  tests.  As  it  is  in  accordance  with  the 
generally  accepted  views  based  on  our  knowledge  of  chemistry, 
the  analyses  in  this  volume  have  been  stated  in  that  way. 

LOCATION  OF  SAMPLING  STATIONS. 

The  location  of  the  sampling  stations,  the  names  of  the  collectors, 
and  information  regarding  immediate  surroundings  likely  to  influence 
the  quality  of  the  water  are  given  in  the  table  which  follows,  and 
the  list  is  arranged  alphabetically  by  names  of  the  rivers  and  lakes. 
If  stream-gaging  data  are  available  the  location  of  the  gaging  station 
is  stated,  together  with  its  distance  above  (+)  or  below  (  — )  the 
sampling  station.  Several  factors  were  necessarily  considered  in 
determining  the  location  of  the  points  at  which  samples  of  water 
were  to  be  collected.  The  relative  importance  of  the  streams  from 
a  geologist's  standpoint,  partictdarly  in  regard  to  denudation,  was 
given  much. weight;  and  practical  considerations  in  relation  to  the 
industrial  uses  of  the  waters,  the  procurement  of  collectors,  the 
shipment  of  samples,  and  other  more  or  less  local  features  influenced 
the  selection. 
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SUBFACE  WAIEBS  EAST  OF  THE  BUNDBEDXH  MEBIDUIi. 
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SUBFACE  WATBBS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


ANAIiYTICAIi  RESULTS. 

The  following  tables  give  the  results  of  the  analyses  of  certain 
rivers  and  lakes  east  of  the  one  hundredth  meridian.  Each  table 
presents  a  detailed  statement  of  the  results  of  the  analyses  of  com- 
posite samples,  arranged  in  chronological  order,  followed  by  lines 
showing  the  mean  of  the  analyses  and  the  chemical  composition  of 
the  anhydrous  residue.  Wherever  gage  heights  were  available  they 
were  averaged  in  sets  corresponding  to  the  sampling  periods,  and 
this  computed  average  is  included  in  the  table. 

At  the  end  of  the  detailed  analyses  is  a  table  in  which  the  lines 
showing  average  quality  of  the  waters  analyzed  both  in  parts  per 
million  of  mineral  matter  and  in  percentage  composition  of  the  anhy- 
drous residues  are  assembled.  The  list  of  localities  in  this  last  table 
includes  27  in  the  State  of  Illinois  not  included  in  the  preceding 
detailed  statements. 

MinerQl  analyses  of  water  from  Alabama  River  at  Selma^  Ala  A 
(Parts  per  million,  unless  otherwise  stated.] 


Mean. 

Per  ct.  of  anhy- 
drous residue 


a  Ana]3r5es  November  5, 1906,  to  May  15, 1907,  by  J.  R.  Evans;  May  16  to  September  6, 1907,  by  Walton 
Van  Winkle;  September  8  to  October  17, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  CoUlns. 
ft  Abnormal;  computed  as  HCOi  in  the  average, 
c  FetOi. 
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Mineral  analyus  oftoaterfrom  Allegheny  River  at  KiUanning^  Pa.^ 
[Puts  per  million,  untetw  otherwise  stated.] 


Date 
(1906-7). 

1 
1 

i 

1 
ji 

i 
1 

i 

t 
1 

t 

t 

11 
II 

1 
1. 

It 

IS 

p 

^ 

• 
>• 

i 

YtOUk— 

To- 

f 

Sept.  13 

8ept.23 

19 

28  . 

1.37 

0.212 

Tr. 

21 

4.2 

19 

ao 

51 

35 

0.0 

28 

140 

2.49 

Sept.  24 

Oclt.     3 

15 

21 

1.40 

1.2  8.6 

0.06 

22 

4.0 

19 

.0 

61 

25 

Tr. 

29 

142 

2.86 

Oct.     4 

Oct.   14 

46 

69 

1.50 

3.5  6.0 

Tr. 

18 

2.0 

12 

.0 

40 

19 

.6 

20 

107 

5.68 

Oct.   15 

Oct.   24 

21 

28 

1.33 

1.211 

Tr. 

14 

1.8 

U 

.0 

34 

13 

.4 

13 

87 

5.51 

Oct.  25 

Nov     3 

29 

63 

1.24 

1.5  9.2 

.1 

12 

2.2 

9.6 

.0 

37 

12 

.0 

12 

81 

5.94 

Nov.    4 

Nov.  14 

5 

5.2 

1.04 

.2 

7.8 

.1 

12 

1.8 

7.6 

.0 

36 

14 

.7 

13 

77 

5.11 

Nov.  15 

Nov.  25 

29 

45 

1.55 

2,0 

4.4 

.2 

12 

2.2 

9.3 

.0 

37 

14 

.9 

12 

74 

7.67 

Nov.  27 

Dec.    5 

8 

5.2 

.66 

.2 

6.0 

.1 

12 

2.0 

9.1 

.0 

33 

14 

.9 

11 

71 

5.49 

Dec.    6 

Dec.  16 

65 

86 

1.32 

2.6 

4.8 

.15 

10 

3.0 

4.4 

.0 

26 

12 

1.5 

a2 

59 

10.30 

Dec.  17 

Dec.  26 

13 

13 

1.00 

.9 

7.6 

.17 

10 

3.2 

5.0 

.0 

26 

13 

1.1 

a4 

63 

7.79 

Dec.  27 

Jan.     5 

36 

40 

1.11 

1.6 

6.2 

.22 

11 

3.6     7.1 

.0 

28 

16 

1.7 

11 

73 

a  15 

Jm.     7 

Jan.    15 

38 

41 

1.08 

1.4 

5.4 

.21 

8.5 

2.0    6.r 

.0 

21 

12 

1.0 

6.7 

54 

11.20 

Jan.   16 

Jan.   25 

35 

48 

1.37 

1.8 

5.4 

.21 

9.2 

2.2     5.2 

.0 

19 

14 

1.1 

7.4 

55 

10.20 

Jan.   26 

Feb.    5 

6 

4.2 

.70 

.5 

7.4 

.2 

13 

3.8,    9.1 

.0 

32 

23 

1.1 

10 

80 

5.63 

Feb.    6 

Feb.  IG 

4 

2.6 

.65 

.4 

6.8 

.16 

15 

3.4     9.0 

.0 

41 

23 

1.2 

13 

89 

4.60 

Feb.  18 

Feb.  27 

6 

6.0 

1.00 

.2 

2.4 

.09 

16 

3.4     9.8 

*9.4 

22 

22 

.6 

16 

85 

4.89 

Feb    28 

Mar.  10 

5 

2.0 

.40 

.4 

6.8 

.13 

14 

3.2     9.3 

.0 

34 

20 

1.1 

13 

83 

5.27 

Mar.  11 

Mar.  20 

. .   . 

179 

6.5 

7.0 

.3 

9.2 

2.2     8.0 

.0 

28 

16 

1.5 

a2 

65 

11.46 

Mar.  21 

Mar.  31 

27  53 

■*i.*96 

1.6 

3.8 

.10 

7.4 

1.6 

6.4 

.0 

24 

12 

.6 

6  0 

47 

11.47 

Apr.    1 

Apr.  10 

8 

7.6 

.95 

.7 

7.0 

.13 

10 

2.6 

7.2 

.0 

29   14 

1.3     9.4 

67 

7.11 

Apr.  11 

Apr.  20 

5 

5.4 

1.08 

.4 

6.4 

.10 

12 

2.8 

9.4 

.0 

27   16 

1.0.  12 

73 

5.77 

Apr.  21 
May     1 

Apr.  30 
May  11 

40 

30 

.75 

1.1 

12 

.16 

9.6 

2.4     9.1 

.0 

27   14 

1.0;  10 

72 

a  16 

19 

22 

1.16 

.911 

.10 

8.6 

2.2     9.1 

.0 

29   12 

1.01    7.6 

66 

ao6 

May  11 

May  20 

19 

17 

.89 

.6'l7 

.18 

10 

2.0,    &8 

.0 

37   12 

.7 

11 

81 

6.48 

May  21 

May  30 

29 

30 

1.04 

l.Ol  5.4 

.10 

10 

1.6,    8.0 

.0 

30   12 

.6 

11 

64 

6.99 

May  31 

June    0 

36 

29 

.80 

1.3 

14 

.15 

10 

1.9|    8.8 

.0 

43   10 

.5 

9.1 

78 

7.82 

Jane  10 

June  20 

20 

22 

1.10 

.8 

7.2 

.10 

10 

2.0   as 

.0 

35   14 

.3 

9.7 

71 

6.28 

Jane  26 

June  30 

18 

24 

1.33 

1.0 

7.6 

.11 

14 

2.0;  13 

.0 

4.5    14 

.4   13 

88 

4.92 

July    ; 

July  10 

2S 

36 

1.28 

1.2 

12 

.15 

14 

2.8   11 

.0 

44   14 

.i 

13 

89 

6.26 

July  12 

July  22 

15 

23 

1.53 

1.0 

10 

.14 

15 

3.4 

12 

.0 

45   18 

.6 

14 

94 

4.21 

Jaly  23 

Aug.    1 

26 

30 

1.15 

1.1 

9.0 

.14 

17 

4.0 

14 

.0 

50  22 

.3 

17 

109 

3.27 

Aug.    2 

Aug.  11 

15 

19 

1.27 

.6 

10 

.12 

18 

4.4 

15 

.0 

51   22 

.3 

17 

111 

2.96 

Aug.  12 

Aug.  21 

5 

7.6 

1.52 

.3 

5.4 

.10 

23 

5.4 

19 

.0 

63   26 

.2 

25 

132 

1.92 

Aug.  22 

Aug.  31 

2 

2.4 

1.20 

.2 

6.4 

.13 

26 

6.0 

21 

.0 

71 

30 

.1 

32 

154 

1.75 

Sept.   1 

Sept.  10 

19 

24 

1.26 

1.1 

8.0 

.19 

25 

6.0 

22 

.0 

67 

32 

.2 

32 

155 

1.99 

Mean 

21 

30 

1.14 

1.2 

7.9 

.13 

14 

3.0 

11 

.0 

38 

17 

.7|14 

87 

Per  ct.  of  anhy- 

drouf 

1  residue.. 

9.1 

C.2 

16.1 

3.5!  12.7 

21.9 

.... 

19.6 

.8   16.1 



.... 

•Analyses  September  13  to  December  5, 190G,  bv  R.  B.  Dole:  December  6, 1900,  to  March  31, 1907,  by  H.  B. 
Dole  and  M.  0.  Roberts;  March  4  to  September  10, 1907,  by  Chase  Palmer  and  M.  Q.  Roberts, 
b  Abnormal;  computed  as  HCOi  in  tne  average. 
«FeiOi. 
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SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERU)IAN. 


Mineral  analyses  of  water  from  Androscoggin  River  at  Brunswick,  Me.^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date 

(190*^). 


Apr.  26.. 
May  2... 
MayO... 
May  16.. 
May  23.. 
May  30.. 
June  6... 
June  13.. 
June  20.. 
June  27.. 
July  4... 
July  11.. 
July  18.. 
July  25.. 
Aug.  1... 
Aug.  8. . 
Aug.  15.. 
Aug.  22.. 
Aug.  29.. 
Sept.  5. . 
Sept.  12. 
Sept.  19. 
Sept.  26. 
Oct.  3... 
Oct.  10. . 
Oct.  17.. 
Oct.  24.. 
Oct.  31.. 
Nov.  7.. 
Nov.  16.. 
Nov.  21.. 
Nov.  28.. 
Dec.  6... 
Dec.  12.. 
Dec.  19.. 
Dec.  26.. 
Jan.  2... 
Jan.9... 
Jan. 16.. 
Jan.  23.. 
Jan.  30.. 
Feb.  6... 
Feb.  13.. 
Feb.  20.. 
Feb.  27.. 
Mar.  6... 
Mar.  13.. 
Mar.  20.. 
Mar.  27.. 
Apr.  3... 
Apr.  10.. 
Apr.  17.. 


I  Silica 
I  (SIO,). 


6.6 

6.0 

5.5 

5.4 

5.3 

5.8 

7.3 

7.5 

6.6 

7.8 

7.5 

9.5 

8.1 
10 

9.8 

6.7 

7.0 

7.6 

6.8 

9.0 

7.4 

9.9 

6.2 

9.6 

9.3 
13 

8.3 

9.4 

13    ; 

14 

14      I 
14 
12      ' 

7.5  I 
10 

9.5  I 

9.9  I 
11 
11 
10     ; 

8.0  ! 

9.5 
11 
H 
14 


Mean 

Per  ct.  of  anhy- 
drous residue  6 


12 

14 

11 
6.0 
4.9 
4.0 


9.0 ; 

18.6 


.,1 

1.8 
1.0 
1.4 
1.4  I 
2.9 
3.1  I 
2.0  I 

1.8  . 
3.3 
2.6 
1.7 
3.2 
4.1 
3.3 
2.2 
2.2 
2.1 
4.0 
3.0 
1.8 

4.9  i 
2.7 
2.7 
3.1 
4.1 
4.9 
3.9 
4.6 
4.6 
3.6 
4.7 
5.9 
4.1 
3.2 
4.5 
2.0 
6.5 
2.9 

1.8  I 

4.6 

2.5 

4.0 

4.3 

2.6 

2.8 

4.9 

4.9 

3.4 

2.0 

1.0 


3.6 
4.6 
3.7 
4.3 
4.4 
5.8 
6.2 
6.3 
&0 
6.9 
5.6 
5.8 
7.2 
6.1 
&3 
5.5 
6.9 
6.9 
7.9 
8.4 
5.9 
7.7 
8.8 
8.4 

14 

13 

11 

U 

7.0 

7.8 
7.7 
7.9 
8.4 

11 

10 
6.0 
9.3 

11 

a6 
ao 

6.8 
7.2 

12 
7.9 
6.6 
8.8 

10 


3.2 
6.6 


Mag- 
nesium 

(Mg) 


1.4 

.8 

.6 
1.3 
1.3 

.9 
1.0 
1.5 
1.5 
1.2 
1.2 
1.7 
1.7 
1.5 
2.0 
1.4 
2.1 
2.0 
1.6 
2.2 
1.1 
1.7 

.6 

.  7 

.9 

.6 
1.5 

.7 

.6 

.7 

.8 

.7 

.3 

.5 

!6 
1.6 

.5 
1.0 

.6 

.5 

.5 
1.7 

.8 

.9 

.8 
1.2 
1.2  ' 


So- 
dium 
(Na). 


11 

5.6 
3.6 
3.4 

.9 
.6 

.8 
.6 

7.4 

1.1 

15.3 

2.3 

Potas- 
sium 
(K). 


1.7 

2.0 

2.0 

1.9 

1.9 

2.2 

2.4 

2.4 

2.0 

2.4 

2.5 

2.1 

2.5  . 

2.7  I 

2.4 

2.8 

2.6 

2.1 

2.8 

2.8 

2.2 

3.4 

1.3 

3.2 

3.8 

3.4 

3.0 

1.7 

1.9 

3.2 

3.7 

3.4 

3.0 

2.6 

2.4 

3.3 

2.3 

2.4 

1.7 

2.8 

3.0 

2.7 

2.6 

2.2 

2.2 

2.5 

2.5 

3  6 

2.3 

1.9 

2,0 

1.7 


5.2 


a7 

.9 
.7 
.6 
.8 
1.0 
1.3 
.9 
.8 


.8 
1.2 
.9 
.7 
.8 
1.1 
1.0 
1.4 
.9 
.6 
.7 
.8 
.9 
.9 
.9 
.7 
1.6 
1.2 
1.2 
1.1 
1.2 
.9 
.8 
1.5 
1.3 
1.5 
1.4 
1.3 


Car- 
bonate 
radicle 
(CO,). 


Sulphate 
radirJe 

(SO,). 

Chlo- 
rlne 
(CI). 

Total 
dis- 
solved 
solids. 

6.4 

3.0 

27 

9.2 

3.3 

30 

9.5 

1.0 

25 

8.2 

.6 

26 

8.6 

.9 

26 

9.6 

.9 

31 

11 

.8 

35 

11 

1.2 

35 

11 

.6 

33 

9.7 

.4 

35 

9.4 

.9 

33 

11 

2.6 

37 

14 

.9 

41 

12 

3.0 

43 

13 

3.9 

44 

9.6 

3.5 

34 

14 

3.7 

41 

13 

3.9 

40 

12 

3.9 

43 

16 

3.5 

49 

8.8 

3.5 

33 

13 

3.9 

48 

14 

3.0 

40 

14 

3.0 

48 

8.9 

1.2 

51 

14 

3.9 

56 

13 

3.5 

49 

13 

3.0 

38 

14 

3.5 

52 

8.8 

3.3 

47 

16 

3.5 

52 

12 

3.5 

S2 

9.1 

1.2 

45 

11 

1.0 

40 

6.4 

1.2 

49 

16 

3.5 

S3 

15 

12 

47 

9.7 

.9 

47 

15 

1.0 

53 

10 

1.2 

43 

8.8 

.6 

34 

11 

.9 

42 

17 

1.2 

50 

15 

.4 

52 

14 

.8 

49 

9.4 

3.0 

S3 

16 

3.5 

52 

16 

3.5 

56 

13 

3.3 

S2 

6.1 

2.8 

31 

a9 

3.6 

27 

8.7 

3.0 

24 

24.8  I 


2.3 
4.8 


«  Analyses  bv  F.  C.  Robinson. 

f>  Based  on  the  assumption  that  the  average  content  of  bicarbooates  is  20  parts. 
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Mineral  analysei  of  water  from  Arkansas  River  near  Little  Rock,  Ark.^ 
[Puts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 

1 

1 

a 

1 

1 

i 
1 

1 

5 
i 

i 

is 

p 

1 
1. 

0 
0 

1 

1 

0 

1 

From— 

To- 

1.8 

Nov.    1 

Nov.  10 

270 

172 

0.64 

31 

0.30 

84 

18 

351 

0.0 

230 

136 

635 

1,285 

3.6 

Nov.  11 

Nov.  20 

140 

96 

.69 

20 

.30 

8ft 

22 

381 

.0 

221 

149 

Ti. 

668 

1,339 

3.6 

Nov.  21 

Dec.     2 

140 

135 

.96 

24 

.9 

39 

11 

123 

.0 

115 

72 

.5 

186 

619,    6.3 

Doc.    3 

Dec.   19 

1,000 

894 

.89 

47 

2.4 

53 

14 

180 

.0 

142 

95 

.4 

276 

752 

8.0 

Dec.  20 

Jan.    11 

320 

294 

.92 

31 

1.2 

25 

8.9 

60 

.0 

76 

67     1.5 

80 

304 

10.4 

Dec.  14 

Jan.   31 
Feb.  20 

1,320 
275 

1,567 
206 

1.19 
.75 

40 
67 

13 
12 

62 
83 

.0 
.0 

IS 

...         2.4 
63     3.8 

87 
107 

451 
433 

16.2 

Feb.    2 

'26 

.'40 

8.6 

Feb.  21 

Mar.    7 

220       228 

1.04 

16 

.25 

54 

13 

.0 

144 

74     3.4 

460     8.1 

Mar.    8 

Mar.  28 

450;      413 

.92 

25 

1.8 

42 

9.5 

'"67 

.0 

131 

61      1.2 

'"82 

366     9.5 

Mar.  29 

Apr.  12 

235^ 

233 

.99 

19 

.8 

45 

11 

80 

.0 

140 

67|     1.5 

103 

412     6.8 

Apr.  13 

Apr.  22 
May    2 

290 

227 

.78 

20 

.9 

32 

8.7 

49 

.0 

106 

42     1.2 

65 

287;    7.3 

Apr.  23 
llaj    3 

285 

192 

.67 

22 

1.2 

42 

11 

74 

.0 

102 

56'    2.0 

102 

377     7.0 

May  13 

1,500 

1,073 

.72 

54 

1.8 

27 

6.9 

33 

.0 

86       32     3. 6 

37 

279   18.0 

May  14 

May  2^ 

8fi0 

961 

1.12 

56 

2.2 

32 

6.6 

41 

.0 

92       43     6.3 

40 

305   17.4 

May  24 

June    2 

450 

460 

1.02 

40 

1.0 

31 

2.7 

31 

.0 

100       34     1.8 

34 

271    11.4 

Jane  20 

July  18 

2,800 

2,730 

.97 

20 

.30 

49 

13 

80 

.0 

181J      72     2.8 

87 

414   10.6 

July  19 

Aug.    6 

270 

165 

.01 

18 

.10 

66 

17 

157 

.0 

196     103:    1.1 

213 

695     6.3 

Aog.    8 

Aug.  17 

1,000,      834 

.83 

29 

.15 

96 

20 

415 

.0 

181     2III     1.5 

610 

1.500     6.3 

Aug.  18 

Aug.  29 

600 

480 

.80 

13 

.06 

95 

23 

261 

.0 

195 

212,    4.4 

347 

1,093     4.0 

Aug.  30 

Sept.    8 

3,000 

4,119 

1.37 

36 

.12 

71 

20 

155 

.0 

189 

153 

1.3 

181 

736     6.0 

Sept.   9 

Oct.     6 

280 

162 

.58 

26 

.33 

72 

17 

179 

68.4 

184 

117 

.3 

266 

806     2.8 

Oct.     7 

Oct.   24 

900 

811 

.90 

26 

.8 

72 

16 

155 

ftTr. 

157 

98 

.2 

262 

774     3.3 

Mean 

755 

748 

.88 

28 

.82 

55 

13 

144         .0 

148       93 

2.0 

203 

630 

Per  ct.  of  anhy- 

1 

drotn 

» residue.. 

4.6 

e,2 

9.0 

2.1 

23.6 

11.9 

16.2       .3 

33.2 

•  Analyses  November  1. 1906,  to  January  31, 1907,  by  W.  M.  Barr;  February  2  to  20,  1907,  by  Henry  8. 
Spaulding;  February  21  to  September  8,  1907,  by  Walton  Van  Winkle;  September  9  to  October  24, 1907, 
by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 

b  Abnormal;  computed  as  IlCOa  in  the  average. 

cFeiOs. 
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SURFACE  WATERS  BAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Brazos  River  near  Waco,  TezA 
[Parts  per  mUllon,  unless  otherwise  stated.] 


Date 
(1906-7). 

1 

! 

1 

i 

1 

1 

a 

i 

a 

3^ 

si 

1 

ao 

1  1 

150    222 

• 
o 

li 

1.7 

i 

«s 
o 

*» 

From— 

To- 

1 

Dec.  14 

Dec.  25 

676 

669 

a99 

23 

Tr. 

113 

14 

247 

382 

1.113 

Dec.  26 

Jan.     5 

110 

30 

.35 

15 

0.5 

126 

20 

313 

.0 

108 

241 

1.8 

633   1,430 

Jan.     6 

Jan.    15 

30 

28 

.93 

12 

.6 

102 

18 

100 

.0 

107 

181 

3.5 

315  1    052 

Jan.   16 

Jan.   25 

30 

43 

1.44 

12 

Tr. 

107 

20 

258 

.0 

182 

231 

1.7 

302   1,128 

Jan.  27 

Feb.    6 

10 

0.6 

.96 

14 

Tr. 

120 

27 

373 

.0 

105 

266 

.8 

676   1.613 

Feb.    7 

Feb.  16 

10 

18 

1.80 

16 

Tr. 

103 

24 

265 

.0 

204     107 

1.1 

364   1.114 

Feb.  17 

Feb.  26 

20 

25   1.25 

11 

.05 

131 

30 

376 

.0 

100 

276 

4.4 

564  1,532 

Feb.  27 

Mar.  10 

20 

18     .90 

12 

.03 

77 

10 

257 

.0 

242 

222 

1.7 

203   1,004 

Mar.  11 

Mar.  20 

45 

31     .69 

12 

.05 

86 

21 

103 

.0 

100 

175 

.7 

283  1    800 

liar.  21 

Mar.  30 

40 

48   1.20 

14 

.05 

03 

20 

267 

.0 

106 

242 

Tr. 

822   1,068 

Mar.  31 

Apr.    0 

30 

13     .43 

11 

.10 

81 

10 

182 

.0 

166 

188 

Tr. 

263       808 

Apr.  11 

x-^1 

75 

48  1  .64 

15 

.20 

88 

22 

184 

.0 

171 

216 

4.2 

263  ,    802  •    2.8 

Apr.  22 
May    2 

20 

21    1.05 

12 

-.02 

70 

22 

168 

.0 

163 

202 

1.1 

228       826  ,    2.6 

May  11 

3,100 

1,935  !  .62 

65 

.9 

71 

10 

04 

.0 

140 

130 

3.2 

124       648  '    4.7 

May  13 

May  22 

6,100 

4,432  ,  .73 

60 

1.1 

70 

7.8 

82 

.0 

140 

00 

4.2 

121  :    647 

6.0 

May  23 

June    1 

4,000 

3.400 

.85 

11 

.02 

60 

6.3 

60 

.0 

118 

84 

5.6 

119       420 

7.0 

June    2 

June  11 

6,800 

4,936 

.72 

19 

.15 

104 

13 

.0 

127 

103 

4.1 

908 

6.6 

June  12 

June  21 

2,100 

1,826 

.87 

9.6 

.02 

131 

16 

■*182" 

.0 

110 

320 

5.1 

297    1.077 

4.8 

June  22 

July    1 

6,400 

5,350 

.83 

31 

.5 

218 

26 

346 

.0 

110 

655 

1.5 

533   1,848 

6.4 

July    2 

July  11 

2,000 

1,231 

.62 

26 

.6 

105 

13 

155 

.0 

136 

260 

2.2 

201       848 

4.4 

July  12 

July  22 

5,400 

4,482 

.83 

20 

.07 

136 

23 

201 

.0 

123 

390 

6.0 

270   1,1«1 

7.9 

July  24 

Aug.    2 

1,650 

1,000 

.66 

16 

.16 

00 

16 

108 

.0 

127 

212 

2.6 

133 

696 

4.4 

Aug.    3 

Aug.  12 

262 

250 

.95 

27 

.01 

140 

21 

215 

.0 

133 

324 

.5 

206 

1,186 

4.0 

Aug.  13 

Aug.  22 

300 

104 

.65 

26 

.09 

194 

26 

344 

.0 

134 

404 

.4 

470 

1,677 

3,9 

Aug.  23 

Sept.    1 

10 

22  2.20 

23 

.09 

178 

27 

306 

.0 

147 

450 

.4 

451 

1.618 

3.5 

Sept.    2 

Sept,  10 

5 

, 

18 

.10 

182 

28 

326 

.0 

164 

451 

Tr. 

468 

1,638 

3.0 

Sept.  11 

Sept.  20 

8 

29  3.62 

59 

.7 

150 

20 

300 

66.2 

120 

377 

418 

1.412 

2.9 

Sept.  21  <  Sept  30 

18 

23 

1.28 

31 

.26 

162 

16 

306 

63.6 

140 

402 

427 

:,i68 

3.0 

Oct.     1     Oct.   10 

2,200 

2,270 

1.03 

21 

.8 

118 

13 

181 

63.6 

146 

247 

263 

937 

6.6 

Nov.  11     Nov.  10 

2,400 

1,980 

.83 

29 

.9 

206 

7.8 

314 

66.0 

08 

623 

482  ;i,005 

6.0 

Mean.. 
Per  ct. 

1,462 

1,188    1.03  1  22 

.26 

121 

10 

234 

.0 

158     270 

2.2 

338   1,136 

of  anhy- 

droui 

( residue. . 

2.0 

«.0 

11.1 

1.7 

21.4 

7.1 

2S-  K 

.2  31.0 



«  Analyses  December  14, 1906,  to  February  6, 1907.  by  W.  M.  Barr;  February  7  to  February  26. 1907.  by 
H.  S.  Spaulding;  February  27  to  September  10, 1907,  by  Walton  Van  Winkle;  September  11  to  November 
19. 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 

6  Abnormal;  computed  as  UCOt  in  the  average. 

«FeiOi. 
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Mineral  analyses  of  water  from  Cahaba  River  near  Birmingham,  Ala.<^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date 

1906-7). 


12 

22 

3 

24 

8 

20 

1 

12 

.  24 

.    6 

.  16 

V  26 

\    5 

r.  16 

r.  25 

7    5 

.y  15 

tf  25 

oe    4 

oe  14 

tse  25 

ily    9 

ily  20 

og.    I 

ug.  12 

og.  22 

ept.29 

>ct.   10 

)et.  23 


To- 


Nov.  11 
Nov.  21 
Dec.  1 
Dec.  13 
Jan.  2 
Jan.  19 
Jan.  31 
Feb.  11 
Feb.  23 
Mar.  5 
Mar.  15 
Mar.  25 
Apr.  4 
Apr.  14 
Apr.  24 
May  2 
May  14 
May  24 
June  3 
June  13 
June  24 
July  8 
July  19 
July  31 
Aug.  11 
Aug.  21 
Sept.  5 
Oct.  9 
Oct  22 
Nov.    1 


Mean. 
Vei  ct.  of  anhy- 
drous residue. . 


16 
7.2 

36 

41 

74 
9.6 

12 

15 
3.6 

15 

20 
7.0 
7.6 

23 

82 
260 

75 

29 

119 

10 

15 
2.0 
4.0 
9.0 
8.4 
9.0 
5.6 

27 

12 
7.4 


o   . 


32 


0.32 

.36 

.65 

.55 

.74 

.64 

.80 

.43 

.72 

.83 

.80 

.70 

.76!.. 

.92.. 

.9l|.. 

.98.. 

.75.. 

.83.. 

.92 
1.00 

.75 

.10 

.27 
1.12 
1.20 
1.80 
1.12 

.77 
1.50 
1.20 


.81 


0.20 
.30 
.40 
.5 
.40 
.20 
.6 
.40 
.20 
.20 
.30 
.30 
.30 
.30 

1.4 

1.9 

1.2 
.40 
.8 
.40 
.6 
.5 
.30 
Tr. 
Tr. 
Tr. 
Tr. 
.8 
.22 

Tr. 


.44 


,  20.4  <i.8 


14 

14 

12 

12 
8.8 
9.9 

13 
6.4 

13 

11 

12 

14 

15 

18 

10 
9.0 
7.1 
8.5 
8.9 
8.3 

11 

15 

16 

22 

26' 
23 
14 
16 


i    §5 

Be 


1.6 
2.4 
3.6 


0.8 
1.2 


1.2 
Tr. 
1.2 
1.6 
1.2 
2.8 
1.6 
0.8 
1.2 
3.0 
3.6 
2.9 
3.6' 
4.0 
3.6 
3.8 
4.7 
4.1 
4.0 


8.8 
6.0 
7.4 
5.7 
6.3 
6.0 
11 
10 
8.7 
..      12 
2.9!  12 
2.7i  11 

3.0  10 

3.01  12 


13        2.5 
16.6     3.2 


9.1 
11.6 


I 


&6 

r 


0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
C4.8 
cTr. 
cTr. 
.0 


P 


.0 
32.7 


I 


3.6 
4. 

5.6 
4.6 
6.9 
9.5 


74  10 

84  11 

55  9.5 

78  10 

80  9.9 

70  12 

60  12 

57  13 


52     8.8 
...    11.2 


52   11.1 


86 


•  Analyses  November  1, 1906,  to  May  2,  1907,  by  J.  R.  Evans;  May  14  to  July  19, 1907,  by  W.D. Collins; 
July  31  to  December  1, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 
^  Gaging  station  near  Center ville,  Ala.,  75  miles  above, 
c  Abnormal:  computed  as  HCOt  in  the  average. 
'FeiOt. 
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SURFACE  WATEBS  EAST  OF  THE  HUNDBEDTH  MEEIDIAN. 


Mineral  analyses  of  water  from  Cape  Fear  River  at  WUmingUm,  N.  C« 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 

i 

1 

00 

1 

0   . 

1 
1 

1 

& 

i 

1 

ki. 

S8 

0 

9 
0 

f 

— 1 

0.0 

6.0 

L 

f 

0 

64 

-«.• 

From— 

To- 

|l 

§w 

|2 
1 

i^ 

S 

Oct.     2 

Oct.     8 

11 

10 

0.91 

1.2 

10 

0.6 

5.4 

1.0 

6.3 

0.0 

22 

2.6 

5.4 

Oct.   10 

Oct.  23 

cl6 

cl7 

cl.06 

«.9 

clO 

C.7 

e7.2 

c7.6 

e67 

c.O 

e20 

cl2 

CO 

el30 

C247 

C4.9 

Oct.   25 

Nov.    6 

11 

7.8 

.71 

.5 

8.8 

.5 

4.8 

1.0 

6.6 

.0 

20 

2.6 

.0 

6.2 

65 

4.8 

Nov.    6 

Nov.  17 

12 

10 

.83 

.6 

10 

.6 

4.6 

1.0 

6.9 

.0 

22 

2.3 

.0 

6.5 

63 

3.6 

Nov.  18 

Nov.  27 

9 

8.2 

.91 

.5 

10 

.5 

4.4 

.8 

6.7 

.0 

22 

2.3 

.0 

6.0 

59 

4.0 

Nov.  28 

Dec.     7 

11 

11 

1.00 

.4 

11 

.4 

5.0 

1.0 

5.8 

.0 

22 

2.8,  .0 

6.2 

52 

2.9 

Dec.    8 

Dec.  17 

14 

13 

.93 

.4 

12 

.5 

5.6 

1.2 

7.6 

.0 

29 

3.3   .2 

6.1 

61 

4.7 

Dec.  18 

Dec.  30 
Jan.     9 

19 
11 

19 
11 

1.00 
1.00 

.9 
.8 

10 
10 

.4 

.64 

4.6 
5.0 

1.6 
1.0 

6.5 
6.9 

.0 
.0 

20 

2.5  Tr. 
•3.1|  .0 

53 
56 

7.6 

Dec.  31 

'6.5 

6.8 

Jan.    10 

Jan    20 

17 

17 

1.00 

.9 

8.2 

.37 

5.0 

.6 

5.3 

.0 

22 

2.3Tr. 

6.8 

44 

4.3 

Jan.   21 

Feb.     1 

11 

10 

.91 

.6 

10 

.4 

4.8 

1.0 

6.8 

.0 

22     2.8 

.0 

4.6 

62 

4.1 

Feb.    2 

Feb.  13 

19 

24 

1.26 

1.0 

9.8 

.63 

4.8 

1.0 

5.6 

.0 

27     2.3 

1.8 

6.1 

65!    8.9 

Feb.  14 

Feb.  27 

21 

32 

1.52 

1.4 

8.6 

.61 

3.8 

.6 

4.8 

.0 

18 

2.5 

Tr. 

6.0 

45   10.6 

Feb.  28 

Mar.  14 

29 

32 

1.10 

1.5 

7.6 

.81 

3.8 

.6 

4.9 

.0 

21 

2.8 

.3 

5.0 

47 

13.7 

Mar.  15 

Mar.  26 

29 

42 

1.45 

2.3 

18 

1.8 

4.0 

.8 

6.4 

.0 

23 

2.6 

.0 

4.6 

65 

11.3 

Mar.  27 

Apr.    6 

27 

25 

.93 

1.6 

11 

1.0 

4.4 

.8 

.0 

22 

2.8 

.4 

6.8 

50 

6.4 

Apr.    8 
Apr.  19 
May     1 

Apr.  18 
Apr.  30 

42 
32 

28 
24 

.67 
.75 

2.3 

1.9 

"is 

2.1 
1.7 

4.2 
4.4 

.6 
1.0 

2.5 
2.6 

1.0 
.75 

""4.6 

'62 

10.1 

'6:9 

.6 

"22 

12.6 

May   11- 

31 

25 

.81 

1.6 

14 

1.1 

4.4 

1.4     6.8 

.0 

24     1.6 

.5 

6.1 

60 

la© 

May  13 

May  24 

28 

20 

.71 

1.2 

8.0 

.35 

4.2 

1.0,    7.7 

.0 

20'    2.0 

.5 

6.0 

52 

6.0 

May  25 

June    6 

25 

15 

.60 

1.0 

7.0 

.28 

4.6 

.8 

7.9 

.0 

22 

1.6 

.5 

6.6 

50 

10.4 

June    8 

June  21 

28 

25 

.89 

1.4 

9.2 

.75 

4.2 

1.0 

9.0 

.0 

24 

1.6 

.5 

6.2 

58 

10.9 

June  24 

July     4 

32 

26 

.81 

1.8 

7.2 

.65 

4.8 

1.2 

6.1 

.0 

26 

2.0 

.3 

7.0 

62 

0.6 

July    6 

July  17 

43 

1.2 

2.6 

.13 

6.6 

.6 

11 

.0 

34 

4.0 

.0 

4.8 

48 

5.4 

July  19 

Aug.    1 

24 

1.4 

7.6 

.88 

5.4 

1.8 

6.6 

.0 

26 

5.4 

Tr. 

6.4 

57 

4.4 

Aug.    2 

Aug.  12 

18 

1.5 

6.2 

.61 

6.4 

.6 

9.1 

.0^    29 

6.9 

Tr. 

4.8 

56;    4.0 

Aug.  13 

Aug.  24 

'26 

16 

'".'so 

1.4 

11 

1.1 

5.5 

2.0!  12 

.0     41 

5.8 

Tr. 

5.4 

66;    6.6 

Aug.  26 

Sept.    6 

20 

19 

.95 

1.4 

8.8 

.77 

6.5 

.8 

5.7 

.0'    24 

5.1 

Tr. 

5.0 

61 

6.8 

Sept.   6 

Sept.  18 

75 

52 

.69 

4.0 

14 

1.8 

6.6 

1.8 

8.5 

.0     28 

5.3 

.5 

6.6 

68 

6.4 

Sept.  30 

Oct.     9 

15 
73 

14 

.93 

1.4 

11 

.79 

g.3 

1.8 

12 

.0     39 

5.6 

Tr. 

7.0 

75 

3.7 

Mean..' 

21 

.92 

1.3 

9.9 

.78 

5.0 

1.5 

7.2 

.0     25 

3.2 

.2 

5.8 

57 

Per  ct.  of  anhy- 

drous 

residue . . 

21.6 

<*2.4 

10.9 

3.3 

15.7 

26.1.... 

7.0 

.4 

12.6 

a  Analyses  October  2  to  November  27,  1906.  by  R.  B.  Dole:  November  28,  1906,  to  April  6,  1907,  by 
R.  B.  Dole  and  M.  0.  Roberts;  April  8  to  July  4.  1907,  by  Chase  Palmer  and  M.  Q.  Roberts;  July  6  to 
October  9, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 

b  Qaglng  station  near  Fayetteville,  N.  C,  75  miles  above. 

e  Abnormal;  omitted  from  the  average. 

4FeiO. 
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Mineral  analyses  of  water  from  Cedar  River  near  Cedar  Rapids,  lowaM 
[Parts  per  mlllloo,  unless  otherwise  stated.] 


Date 

i 

t 

u 

.S 

e  radi- 
os). 

radicle 
). 

© 

. 

i 

(1806-7). 

i 

1 

t 

t 

a 

3 

Is 

ll 

o 

•«^ 

% 

i 

1^ 

1^ 

3 

|I 

From — 

To- 

Sept.  15 

80 

51 

0.64 

20 

1 

1 

1 

1^ 

PQ 

0.0 

1 

s 

4.3 

o 
H 

17! 

I 

Sept.  6 

29 

18 

14 

M.8 

163  24 

3.5 

Sept.  10 

Sept.  25 

60 

59 

.98 

25 

0*10 

32 

8.7 

.0 

149 

27 

2.4 

3.0 

203 

4.1 

Sept.  27 

Oct.  6 

50 

20 

.40 

26 

.10 

48 

16 

.0 

217 

23 

3.3 

4.0 

236 

4.1 

Oct.  7 

Oct.  16 

20 

26 

1.30 

23 

Tr. 

55 

21 

16 

.0 

246 

28 

4.4 

3.2 

260 

3.4 

Oct.  17 

Oct.  27 

15 

29 

1.94 

26 

Tr. 

52 

19 

20 

.0 

229 

29 

.4 

3.3 

248 

3.3 

Oct.  28 

Nov.  6 

20 

16 

.80 

27 

Tr. 

68 

20 

11 

.0 

255 

29 

1.8 

4.0 

277 

3.7 

Nov.  7 

Nov.  16 

10 

8.4 

.84 

17 

Tr. 

60 

19 

14 

.0 

203 

28 

2.*2 

3.5 

285 

3.5 

Nov.  17 

Nov.  20 

20 

17 

.85 

15 

.05 

64 

20 

16 

.0 

2621  33 

2.6 

3.8 

281 

3.6 

Nov.  27 

Dec.  6 

25 

20 

.80 

17 

.04 

51 

20 

16 

.0 

240|  33     .9 

3.8 

258 

4.0 

Dec.  7 

Dec.  16 

15 

13 

.87 

21 

.10 

62 

22 

17 

.0 

273 

37    4.4 

3.8 

309 

3.7 

Dec.  17 

Dec.  28 

6.0 

2.8 

.66 

13 

.10 

64 

26 

16 

.0 

309 

40  1  4.8 

4.0 

311 

4.3 

Dec.  27 

Jan.  5 

80 

56 

.70 

12 

.20 

61 

17 

13 

.0 

207 

-.  I  4.4 

3.1 

228 

4.2 

Jan.  6 

Jan.  15 

20 

22 

1.10 

9.2 

.08 

47 

17 

9.7 

.0 

175 

5.2 

2.5 

193 

4.4 

Jan.  16 

Jan.  26 

75 

71 

.95 

16 

Tr. 

42 

13 

13 

.0 

167 

29    3.6 

2.3 

193 

4.9 

Jan.  27 

Feb.  5 

5.0 

4.0 

.80 

11 

.05 

61 

19 

.0 

258 

31 

5.2 

3.9 

260 

4.5 

Feb.  6 

Feb.  15 

80 

68 

.86 

6.4 

.06 

68 

16 

U 

.0 

221 

46 

5.2 

4.8 

242 

4.2 

Feb.  16 

Feb.  20 

30 

35 

1.17 

4.6 

.10 

24 

6.6 

11 

.s 

87 

21 

6.8 

2.2 

119 

6.7 

Feb.  27 

Mar.  7 

70 

69 

.99 

9.8 

.25 

26 

9.6 

14 

.0 

36 

4.6 

2.2 

151 

6.3 

Mar.  8 

Mar.  19 

65 

54 

.83 

14 

.18 

32 

12 

12 

.0 

21 

3.8 

8.8 

178 

4.7 

Mar.  20 

Mar.  29 

30 

37 

1.24 

12 

.15 

37 

9.4 

16 

.0 

i49 

26 

2.6 

2.7 

175 

4.6 

Mar.  30  Apr.  8 

135 

84 

.62 

15 

Tr. 

41 

14 

9.9 

.0 

175 

29 

2.8 

2.3 

203 

4.7 

Apr.  9  Apr.  18 

30 

25 

.83 

11 

.03 

53 

16 

.0 

213 

34 

2.6 

2.7 

246 

4.0 

Apr.  19  Apr.  28 

10 

Tr. 

3.0 

.05 

54 

19 

"*8.i 

.0 

210 

46 

.6 

3.9 

250 

3.6 

Apr.  29  May  8  !  lO 

Tr. 

3.0 

.05 

51 

20 

8.6 

.0 

230 

36 

Tr. 

3.8 

241 

3.6 

May  9  ;  May  18 

10 

Tr. 

4.0 

.01 

48 

21 

11 

.0 

226 

33 

.5 

3.4 

241 

3.3 

May  19  May  28 

95 

96 

1.03 

5.8 

.18 

17 

9.8 

.0 

204 

32 

3.0 

4.2 

225 

3.4 

May  29  June  8 

65 

57 

1.04 

11 

.02 

43  ' 

16 

8.8 

.0 

207 

2.2 

3.4 

230 

3.7 

June  9  June  18 

140 

174 

1.24 

14 

.02 

,47 

14 

7.0 

.0 

179 

'29* 

4.8 

1.9 

216 

6.4 

June  19  June  28 

80 

124 

1.55 

10 

.05 

48 

13 

9.8 

.0 

209 

28 

4.2 

2.6 

244 

6.0 

June  29  \  July  9 

235 

214 

.91 

15 

.15 

49 

11 

16 

.0 

201 

22 

8.0 

2.9 

230 

4.6 

July  10  July  19 

390 

356 

.91 

20 

.48 

38 

11 

6.4 

.0 

145 

22 

3.1 

179 

6.3 

July  20  July  29 

106 

'S 

1.03 

14 

.06 

43 

13 

12 

.0 

189 

22 

2.8 

2.5 

207 

6.4 

July  30  Aug.  8 

66 

.89 

15 

.01 

55 

16 

16 

.Oi  234 

27 

4.4 

4.0 

248 

4.8 

Aug.  9  Aug.  18 

140 

154 

1.10 

20 

.20 

40 

13 

8.6 

.O!  166 

22 

2.2 

2.8 

192 

6.2 

Aug.  19  1  Aug.  28 

50 

62 

1.24 

10 

.05 

42 

14 

9.1 

.0]  198 

23 

2.3 

3  3 

213 

4.5 

Aug.  29  Sept.  7 

50 

53 

1.06 

20 

.15 

61 

14 

11 

.0  201 

29 

1.6 

2.5 

228 

4.6 

Sept.  8  '  Sept.  17 

10 

Tr. 

13 

.18 

57 

18 

10 

.0|  253 

31 

1.9 

3.8 

263 

as 

Mean 

64 

61 

.97 

14 

.09 

48 

16 

12 

.0  209 

30 

3.1 

3.4 

228 

Per  ct.  of  anhy- 

1 

drous  residue. . 





6.1 

c.l 

20.9 

7.0 

6.2 

1 

13.0 

1.4 

1.6 

.... 

a  Analyses  September  6, 1906,  to  February  15,  1907,  by  W.  M.  Barr;  February  16  to  26, 1907,  by  H.  8. 
Spaulding:  February  27  to  September  17, 1907,  by  Walton  Van  Winkle. 
h  Abnormal;  computed  as  HCOa  in  the  average. 
«Fe>0|. 


Digitized  by  VjOOQIC 
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SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Chattahoochee  River  at  West  Point,  Ga.^ 
[  Parts  per  mllllOD,  unless  otherwise  stated.] 


a  Analyses  October  20, 1906,  to  May  7, 1907,  by  Jas.  R.  Evans;  May  8  to  October  18, 1907,  by  R.  B.  t)ole, 
Chase  Pahner,  and  W.  D.  Collins. 
6  Abnormal;  computed  as  UCOa  in  the  average. 
cFeiOi, 


Digitized  by  VjOOQIC 


Alf  AliTTICAL  BESULTS. 
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Mineral  analysea  of  water  from  Chippewa  River  near  Eau  Claire ,  Wi».^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date 

(1W6-7). 


From— 


Sept  14 
Sept.  24 
Oct.  4 
Oct.  14 
Oct.  24 
Nov.  3 
Nov.  18 
Nov.  23 
Dec.  3 
Dec.  14 
Dec.  26 
Jan.  5 
Jan.  18 
Jan.  28 
Ftob.  8 
Fsb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Apr.  1 
Apr.  11 
Apr.  21 
May  1 
May  13 
May  23 
Jane  2 
June  12 
Jane  22 
July  3 
July  13 
July  23 
Aug.  3 
Aug.  14 
Aug.  24 
Sept.   3 


To- 


Sept. 

Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Nov. 

Dec. 

Dec. 

Dec. 

Jan. 

Jan. 

Jan. 

Feb. 

Feb. 

Feb. 

Mar. 

Mar. 

Mar. 

Apr. 

Apr. 

Abr. 

May 

May 

June 

Jane 

June 

July 

July 

July 

Aug. 

Aug. 

Aug. 

Sept. 

Sept. 


Per  ct  of  anhy- 
drous residue. 


5 
10 

5 

6 

5 

5 

6 
15 
10 

5 

5 

6 
10 

6 

5 

5 

5 

5 
20 
10 

5 

Tr. 

Tr. 

6 

5 

5 

5 

5 
10 

5 

7 

6 
20 

6 

6 


7.0 


Tr. 

Tr. 

Tr. 

4.8 

9.6 
04.8 

Tr. 

6.4 

4.8 

2.8 

Tr. 

Tr. 

6.4 

Tr. 

4.0 

Tr. 

Tr. 

3.2 
34 
10 

7.6 

Tr. 

Tr. 

Tr. 

Tr. 

Tr. 

Tr. 

Tr. 

9.2 

Tr. 

Tr. 

Tr. 
22 

Tr. 

Tr. 


0.96 

1.92 

96 


3.7 


.64 


.80 


64 
1.70 
1.00 

52 


.92 


1.10 


.97 


2« 

11 
5.8 

16 

15 

12 

12 

16 

17 

15 

15 

10 

12 

15 

15 

15 

18 

12 
4.6 
6.8 
6.8 

12 
0.6 
7.4 
7.0 
5.8 
5.2 

10 
9.8 

10 

12 

14 

13 

11 

14 


12 
15.5 


a20 
.30 
.20 
.15 
.15 
Tr. 
Tr. 
Tr. 
.40 
.30 
.25 
.25 
.40 
.25 
.25 
.25 
.6 
.30 
.37 
.19 
.15 
.18 
.24 
.18 
.19 
.16 
.25 
.18 
.20 
.30 
.21 
.15 
.19 
.09 
.12 


.22 
ft.4 


6.2 
11 
9.8 

'8.2 
7.0 
10 
10 
15 
13 
14 
17 
16 
16 
13 
16 


13 
16.8 


3.7 
4.0 
5.1 
6.3 
5.2 
5.2 
4.2 

4.2 
4.9 
5.7 
5.3 
5.8 
4.8 
8.5 
4.1 
6.6 

2*8 
3.7 
2.4 
3.7 
5.2 
2.3 
2.4 
3.0 
4.3 


4.4 


6.9 


8.4 
7.1 
9.4 
7.0 
8.1 
8.6 


7.5 
9.2 
10 
7.3 


13 
5.6 

11 
8.7 
7.6 
9.1 
5.4 
6.2 
8.5 
4.6 
4.4 


4.9 
4.3 
5.9 
9.5 
7.6 
7.3 

10 
8.6 

11 

13 

11 


8.1 

ia5 


1 

sd 

r 


ao 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

*.o 

.0 


0 
30.5 


45     12 

44  9.0 

45  14 
50     19 

16 
13 
14 
17 
19 
17 


48 


13 

9.9 
12 
10 
12 
15 
16 
15 
18 
14 
17 
16 
11 

9.9 

8.7 
15 
14 
15 
10 

9.9 

i2** 

12 

15 


14 
18.0 


106 


90 


a  Analyses  September  14, 1906.  to  February  7, 1907,  by  W.  M.  Barr;  February  8  to  February  28, 1907, 
by  H.  S.  Spaulding;  March  1  to  Sisptember  12, 1907,  by  Walton  Van  Winkle. 
ftFesOi. 


Digitized  by  VjOOQIC 
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SUBFACE  WATEBS  EAST  OF  THE  HUNDREDTH  MEBmiAN. 


Mineral  analyuM  oJwaUrJtom  Colorado  River  at  Austin^  Tex.^ 
[Parti  per  million,  unless  otherwise  stated.] 


Date 
(190S-6). 


From— 


To- 


le 


58 


1^ 


I 


i 


Aug.  1 
Aug.  11 
Aug.  21 
Aug.  31 
Sept.  10 
Sept.  22 
Sept.  30 
Oct.  10 
Oct.  20 
Oct.  31 
Nov.  10 
Nov.  20 
Nov.  30 
Dec.  10 
Dec.  20 
Dec.  30 
Jan.  0 
Jan.  10 
Jan.  29 
Feb.  8 
Fob.  18 
Feb.  28 
Mar.  10 
Mar.  20 
Mar.  30 
Apr.  9 
Apr.  19 
Apr.  29 
May  9 
May  19 
May  29 
June  8 
June  18 
June  28 
July  8 
July  18 

Mean. 


Aug.  10 
Aug.  20 
Aug.  30 
Sept.  9 
Sept.  18 
Sept.  29 
Oct.  9 
Oct.  19 
Oct.  29 
Nov.  8 
Nov.  19 
Nov.  29 
Dec.  9 
Dec.  19 
Dec.  29 
Jan.  8 
Jan.  18 
Jan.  28 
Feb.  7 
Feb.  17 
Feb.  27 
Mar.  9 
Mar.  19 
Mar.  29 
Apr.  8 
Apr.  18 
Apr.  28 
May  8 
May  18 
May  28 
June  7 
June  17 
June  27 
July  7 
July  17 
July  27 


Perct.  of.anby-  i 
drous  residue..' 


2,480 

28 

22 

24 

144 

124 

276 

302 

742 

148 

466 

46 

60 

26 

18 

SO 

36 

0 

22 

76 

10 

38 

42 

14 

94 

114 

82 

78 

90 

600 

1,266 

844 

484 

400 

1,508 

1,882 


351 


19 

23 

28 

26 

27 

25 

30 

20 

27 

21 

22 

19 

17 

14 

15 

10 
8.8 
9.0 

10 

14 

12 
9.0 


8.8 
14 
11 
14 
14 
18 
14 
19 
35 

21    . 
17 
13 
21 


3.6 
4.0 
1.4 
2.8 
1.4 
2.6 
1.0 
1.8 
2.0 
2.4 
1.8 
2.4 
3.2 
1.8 
1.2 
2.0 
4.6 
2.8 
3.2 
3.4 
3.6 
1.2 
1.6 
1.8 
2.4 
2.6 
3.0 
6.4 
6.8 
3.6 
4.8 
7.0 
2.8 
4.4 
4.6 
4.4 


7.9 
12 
15 
16 
14 
15 
15 
10 
10 

0.1 
13 
12 
15 
17 
19 
20 
21 
21 
21 
22 
22 
24 
23 
24 
21 
25 
24 
24 
24 
21 

8.7 
17 
13 

6.8 
10 

6.5 


30 
42 
45 
58 
48 
103 
52 
72 
49 


1.8 
3.6 
5.3 
3.6 
7.5 
7.0 
4.3 
11 
8.3 


3.6 
4.4 

1.2 
4.3 
3.8 
4.0 
3.5 
8.4 
3.6 
4.0 
4.0 


3.5 
4.9 
4.4 
4.3 
4.2 
9.9 
8.9 
6.9 
9.2 


0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
618 
.0 
.0 
.0 
.0 


177 
199 
171 
220 
212 
156 
187 
175 
161 
174 
173 
173 
197 
201 
223 
238 
238 
228 
220 
219 
214 
218 
221 
223 
239 
217 
204 
205 
180 
184 
154 
151 
166 
160 
177 
133 


41 
52 
38 
30 
45 
110 
60 
34 
37 
29 
33 
34 
24 
21 
18 
26 
28 
29 
24 
29 
25 
42 
39 
35 
35 
46 
80 
80 
112 
102 
87 
30 
43 
18 
28 
14 


34 
37 
47 
44 
53 
137 
08 
32 
40 
32 
38 
41 
49 
44 
48 
56 
53 
60 
65 
48 
51 
66 


56 
75 
70 
75 
113 
134 
67 
55 
57 
26 
52 
24 


aoo 

322 
816 
206 
326 
496 
433 
244 
248 
226 
252 
246 
268 
280 
204 
366 
830 
824 
296 
290 
306 
324 
320 
336 
338 
320 
402 
426 
536 
650 
294 
270 
306 
220 
268 
178 


18 
6.4 


3.1 
.9 


52 
15.5 


17        44 

6. 1     13. 1 


5.1         .0 
1.5    28.5 


105 


42 
12.5 


59 
17.5 


321 


2.5 
L4 
.0 
.0 
1.3 
1.7 
1.4 
1.7 
1.8 
1.0 
1.9 
1.1 
1.0 
1.1 
1.1 
1.1 
.0 
1.0 
.0 
1.1 
1.1 
.9 
.0 
1.2 
1.4 
1.4 
2.7 
1.4 
1.2 
2.6 
3.8 
8.7 
1.8 
2.5 
4.0 
5.3 


a  Analyses  by  W.  H.  Helleman. 

ft  Abnormal;  computed  as  HCOt  In  the  average. 


Digitized  by  VjOOQIC 
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Mineral  cmalysea  ofwaUrfrom  Cumberland  River  near  Nashville,  Tenn,o 
{Parts  per  million,  unless  otherwise  stated.] 


Date 

i 

^ 

^ 

h 
1* 

1 

1 

S 

• 

1 

(1906-7). 

S 

1 

o  . 

n 

1 

i 

i 

00 

29 

1 
4.0 

i 

i 

it 
1 

A 
f 

o 

id 

a6 

1 
2.0 

> 

•51 

3 

t 

From — 

To- 

1 

Oct.   24 

Nov.    3 

76 

68 

a  77 

33    a2 

ao    116 

139 

a8 

Nov.    4 

Nov.  13 

28 

16 

.64 

26 

.20 

26     1.2 

.0      90 

.7 

a5 

112 

ao 

Nov.  14 

Nov.  23 

30 

15 

.60 

27 

.30 

24     1.2 

.0      76 

.8 

ao 

109 

lai 

Nov.  24 

Dec.     3 

35 

16 

.46 

28 

.20 

24     2.0 

.0      81    

.8 

2.6 

106 

17.1 

Dec.     4 

Dec.  13 

60 

37 

.74 

29 

.20 

22     2.8 

.0  ,    83 

.6 

2.8 

111 

9.5 

Dec.  14 

Dec.  23 

75 

60 

.67 

28 

.30 

27  '  a6 

.0      86 

.5 

ao 

114 

20.0 

Dec.  24 

Jan.     2 

135 

108 

.80 

33 

.20 

27  1  2.8 

.0  '    86 

.8 

1.0 

128 

21.3 

Jan.     3 

Jan.    12 
Jan.   22 

160 
60 

132 
41 

.88 
.68 

??. 

.30 
.10 

23 
26 

.0      81 
.0      93 

.6 
1.0 

1.8 
1.7 

110 
118 

25.0 

Jan.    13 

31 

ae 

15.1 

Jan.   23 

Feb.     1 

76 

46 

.61 

20 

.40 

21 

4.4 

.0      78    

.6 

2.0 

106 

ia7 

Feb.     2 

Feb.  11 

65 

40 

.62 

13 

.30 

26 

a6 

.0      90 

.4 

2.0 

107 

14.2 

Feb.  12 

Feb.  23 

00 

78 

.87 

21 

.30 

22 

a2 

.0  1    83 

.3 

1.0 

97 

11.4 

Feb.  24 

Mar.    5 

180 

156 

.87 

|31 

.30 

23 

ae 

.0  ' 

.4 

1.2 

114 

29.8 

Mar.    6 

Mar.  16 
Mar.  26 
Apr.     5 

350 
110 
70 

322 

96 
62 

.92 

.87 
,.88 

131 

25 

15 

.10 
.30 
.30 

22 
24 
27 

.0       78 
.0      81 
.0  ,    93 

.5 
.4 
.5 

1.0 
2.0 
2.0 

112 
112 
107 

2a7 

liar.  17 

::::;::' 

22.1 

Mar.  27 

4.0 

ia3 

Apr.     6 

Apr.  16 

136 

130 

.96 

27 

.10 

20 

6.2 

.O'    78 
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2.0 

128  1    a2 

Sept.  25 

Oct.   13 
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26 
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11 

.0 
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1.6 

1.8 

127 ,  as 
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1.0 
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19 

.9 
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26 
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a6    .0 

92 

14 

1.2 

2.1 

110    
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1 

droui 

i  residue. 

16^4 

C.5 

2L3 

2.9 

7.8  37.0 

11.4 

1.0 

1.7 

•  Analyses  October  24. 1906,  to  May  15, 1907,  by  Jas.  R.  Evans;  May  15  to  September  14, 1907.  by  Waltop 
Van  Winkle;  September  25  to  November  3. 1907.  by  R.  B.  Dole.  Chase  Palmer,  and  W.  D.  Collins. 
b  Abnormal,  computed  as  HCOt  in  the  average. 
eFesOt. 
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SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Cumberland  River  near  KuUavxi,  Ky.^ 
(Parts  per  mUlion,  tixiless  otherwise  stated.] 
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(1907-8). 
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2.7 

o 
>> 

li 
is 

147 

*• 

From— 

To- 

i  i5 
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.0 
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LO 

L7 
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Feb.  12 
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38 

.54 

25 

.30 

24 

a6 
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.4 
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.80 
.81 
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31 
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22 

.0 
.0 
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.6 
.3 

L5 
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4.8 

106  ,  3&8 

Mar.    8 

Mar.  17 
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.75 

38 

.40 

24 

a2 

.0 

80 

.8 

1.5 

122     314 

Mar.  18 

Mar.  27 

180   164 

.91 

23 

.20 

22 

6.6 

.0 

. 

.6 

2.6 

108     27.5 

Mar.  28 

Apr.    6 
Apr.  16 

85     60 
35  1  20 

.71 

18 
10 

.20 
.10 

26 
27 

.0 
.0 

102 
83 

.4 

an 

124      Ol? 

Apr.    7 

.57    

4.0   

.9  1  1.6 

06  .  2L1 

Apr.  17 

Apr.  26 
May     6 

100 

85 

.85 

7.6 

.20 

26 

a6 

.0 

80 

2.2 

2.0 

91 

lao 

Apr.  27 
May    6 

95 

106 

1.12 

8.4 

Tr. 

25 

4.8 

.0 

80 

2.9 

4.0 

94 

OlO 

May  15 

340 

470 

1.38 

11 

.6 

27 

4.2 

&2 

.0 

99 

7.1 

6.0 

1.0 

112 

34.7 

May  17 

May  26 

130 

174 

1.34 

17 

.30 

31 

4.6 

7.2 

.0 

118 

7.2 

ao 

4.0 

131 

16.6 

May  27 

June    5 

120 

134 

1.12 

11 

.40 

33 

6.4 

4.4 

.0 

121 

13 

1.6 

4.0 

137 

lai 

June    6 

June  16 

490 

796 

1.62 

17 

.8 

25 

ai 

.0 

101 

6.9 

1.7 

2.0 

122 

22.3 

June  17 

June  28 

180 

150 

.83 

14 

.40 

27 

a4 

&0 

.0 

105 

6.7 

2.5 

a6 

123 

ILl 

June  29 

July    8 

80 

71 

.89 

16 

.20 

31 

a9 

.0 

126 

&2 

L9 

a6 

137 

&5 

July    9 

July  18 

142 

107 

.75 

12 

.20 

34 

4.2 

9il 

.0 

&1 

1.6 

4.0 

135 

4.3 

July  19 

July  29 

20 

38 

1.90 

1.0 

17 

.07 

34 

4.8 

&2 

ao 

iii 

8.7 

1.4 

ao 

136 

a7 

July  30 

Aug.    8 

25 

36 

1.40 

1.1 

27 

.00 

36 

6.7 

10 

2.4 

124 

a7 

1.8 

4.2 

163 

28 

Aug.    9 

Au^  22 

200 

123 

.62 

ai 

24 

.26 

35 

4.6 

9.5 

2.4 

123 

ae 

L6 

as 

152 

4.1 

Sept.   2 

Sept  11 

220 

119 

.64 

6.6 

19 

24 

35 

6.6 

11 

4.8 

112 

11 

1.4 

6.0 

149 

ao 

Sept  12 

Sept.  21 

350 

258 

.74 

12 

26 

1.2 

28 

4.6 

&6 

Tr. 

100 

13 

as 

ao 

145 

6.9 

Sept  22 

Oct.     1 

300 

224 

.76 

12 

19 

.9 

21 

a6 

6.6 

Tr. 

73 

9.0 

a5 

4.2 

108 

6.2 

Oct.     2 

Oct   11 

220 

170 

.77 

10 

16 

.52 

29 

4.1 

&4 

Tr. 

96 

10 

2.2 

ao 

125 

4.1 

Oct.   12 

Oct.    21 

200 

189 

.96 

11 

7.4 

.24 

28 

4.0 

&9 

7.2 

82 

10 

.8 

ao 

107 

4.0 

Oct   22 

Oct.    31 

150 

82 

.65 

6.6 

16 

.35 

31 

4.7 

9.4 

Tr. 

115 

10 

2.4 

&o 

133 

LO 

Nov.    1 

Nov.  10 

90 

74 

.82 

a5 

9.2 

.11 

34 

6.2 

7.1 

4.8 

107 

11 

%2 

4.8 

120 

4.0 

Nov.  11 

Nov.  21 

270 

287 

1.06 

12 

12 

.32 

31 

4.8 

9.0 

4.8 

99 

13 

2.0 

as 

128 

0.3 

Nov.  22 

Dec.     1 

220 

268 

1.22 

10 

13 

.64 

30 

a7 

0.9 

Tr. 

102 

11 

2.0 

ao 

141 

lao 

Dec.     2 

Dec.  11 

170 

112 

.66 

as 

17 

.04 

22 

a4 

8.6 

.0 

10 

2.4 

2.4 

105 

7.6 

Dec.  12 

Dec.  21 

70 

71 

L02 

2.2 

14 

.04 

32 

2.2 

6.4 

.0 

106 

11 

2.3 

2.4 

126 

7.2 

Doc.  22 

Dec.  31 

260 

263 

.97 

7.9 

15 

.15 

34 

4.6 

8.2 

.0 

110 

12 

ao 

2.2 

137 

14.8 

Jan.     1 

Jan.    11 

240 

2.38 

.99 

&0 

15 

.10 

27 

ai 

6.7 

.0 

84 

&9 

20 

2.2 

111 

Mean. 

176 

165 

.92 

18 

.30 

28 

4.3 

7.8 

.9 

100 

9i7 

L8 

ao 

124 

Per  ct. 

of  anhy- 

drous  residue.. 

14.6 

C.4 

22.8 

a5 

&3 

4a6 

7.9 

1.6 

2.4 

1 

a  Analyses  January  1 1  to  May  6. 1907.  by  Jas.  R.  Evan.<<;  May  6  to  July  18. 1907.  by  W.  D.  Collins;  July  10, 
1007.  to  January  11. 1908.  by  R.  B.  Dole.  Chase  Palmer  and  W.  D.  Collins. 
»  Oaging  station  at  ClarkesviUe,  Tenn..  70  miles  above. 
«FefOt. 


Digitized  by  VjOOQIC 


ANALYTICAL  BE8T7LIS. 


59 


Mineral  analy$es  of  water  from  Dan  River  at  South  BoBton^  Va.o 
[Parts  per  miUon,  unless  otherwise  stated.] 


Date 
(1906-7.) 
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S 

OQ 
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1.4 
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6.0 

i 

3^ 

II 

If 
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« 
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Tr. 

5 
2.4 

1 

-J 

o 
76 

1 

From — 

To- 

r 

Sept    3 

Sept  13 

210 

126 

0.60 

8.9 

26 

2.8     4.2 

0.0 

41 

1.3 

3.2 

Oct.     1 

Oct.  11 

260 

175 

.67 

9.8 

31 

2.1 

6.2 

1.8  1  7.6 

.0 

34 

2.6 

0.8 

2.6 

82 

4.2 

Oct.   12 

Oct.  21 

43 

42 

.98 

2.4 

50 

.7 

6.0 

2.2 

8.6 

.0 

39 

2.6 

Tr. 

3.1 

100 

4.3 

Oct.  22 

Oct.  31 

31 

25 

.81 

1.4 

23 

.6 

5.2 

2.0 

7.6 

.0 

36 

2.3 

Tr. 

2.4 

61 

4.8 

Nov.    1 

Nov.  11 

17 

33 

1.94 

1.0 

17 

.07 

5.2 

1.6 

5.2 

.0 

34 

2.8 

.6 

3.4 

52 

2.5 

Nov.  12 

Nov.  21    230 

181 

.79 

8.4 

21 

1.3 

4.8 

1.2 

6.4 

.0 

30 

3.3 

1.6 

2.7 

67 

2.7 

Nov.  22 

Dec.     1     28 

131 

.47 

2.0 

16 

.3 

5.6 

1.4 

6.3 

.0 

32 

4.3 

.6 

2.6 

54 

23 

Dec.     2 

Dec.  12 

21 

76 

3.62 

3.6 

18 

.28 

5.4 

1.8 

4.9 

.0 

35 

1.6 

.5 

3.0 

50 

2.3 

Dec.  13 

Dec.  23 

220 

664 

3.00 

16 

26 

2.2 

4.4 

1.6 

6.8 

.0 

33 

4.3 

1.1 

3.4 

78 

2.6 

Dec.  24 

Dec.  31 

350 

742 

2.12 

24 

23 

1.8 

4.6 

1.8 

6.0 

.0 

29 

4.3 

1.6 

29 

69 

3.5 

Jan.     3 

Jan.    13 

65 

526 

9.54 

10 

16 

.35 

4.8 

1.8 

6.2 

.0 

31 

2.8 

1.6 

3.4 

64 

4.6 

Jan.   20 

Jan.   29 

no 

816 

7.41 

9.6 

21 

1.0 

6.6 

2.0 

6.5 

.0 

40 

3.1 

Tr. 

4.1 

76 

2.7 

Jan.   30 

Feb.    9 

90 

216 

2.39 

6.6 

23 

1.0 

6.2 

2.0 

6.2 

.0 

40 

3.6 

.2 

3.6 

77 

2.8 

Feb.  10 

Feb.  19 

176 

324 

1.86 

11 

23 

2.2 

6.4 

1.0 

6.6 

.0 

26 

4.1 

2.1 

2.9 

76 

3.1 

Feb.  20 

Mar.    2 

no 

209 

1.90 

80 

26 

2.2 

6.0 

1.2 

6.6 

.0 

24 

6.8 

1.8 

2.6 

84 

29 

Mar.    3 

Mar.  12 

380 

677 

1.78 

9.0 

24 

2.4 

6.8 

.6 

7.7 

.0 

26 

4.0 

1.9 

3.1 

86 

6.1 

Mar.  13 

Mar.  24 

47 

231 

4.90 

6.3 

18 

.33 

7.8 

.8 

6.8 

.0 

28 

5.3 

2.4 

4.1 

66 

4.6 

Mar.  26 

Apr.    3 

27 

45 

1.67 

1.4 

16 

.08 

6.8 

.8 

9.6 

m 

3.0 

5.1 

.0 

6.3 

64 

2.6 

Apr.    4 

Apr.  13 

225 

160 

.67 

10 

28 

1.0 

fi.0 

1.1 

9.4 

.0 

40 

3.6 

3.0 

3.1 

88 
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Apr.  14 
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38 

44 

1.16 

2.3 

18 
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1.6 

6.3 

.0 
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98 

no 

1.12 

6.5 

31 
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4.2 

Mean. 
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5.6 
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71 

Per  ct 

ofanhy- 
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!  residue.. 

3&0 

«2.5 

8.9 

2.4 

10.7 

26.3 

5.4 

1.7 

6.1 

a  Analvaes  September  3  to  October  31, 1906,  by  R.  D.  Dole;  November  1, 1906,  to  April  3, 1907,  by  R.  B. 
Dole  ancl  M.  O.  Roberts;  April  4  to  May  2. 1907,  by  Chase  Palmer  and  M.  0.  Roberts. 
b  Abnormal;  computed  as  HCOi  in  the  average. 
^PetOi. 
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SUBFACE  WATERS  EAST  OF  THE  HUNDBEDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Delaware  River  at  LaTabertvUle,  N.  /.« 
[Parts  per  cUIllon,  unless  otherwise  stated.] 


Date 
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2.9 

3.8 

.0 

....   9.9   1.5 

2.6 

60 

6.30 

Apr.  13 

Apr,  22 
May  13 

1 

2.8 

2.80 

.2 

7.2 

.09 

9.4 

1.9 

4.4 

.0 

32     9.6   1.0 

2.2 

62 

4.81 

May    4 

7 

15 

2.14 

.3 

8.6 

.05 

9.7 

3.6 

6.0 

.0 

41  '  9.2  1  .6 

2.2 

69 

4.94 

May  14 

May  23 

4 

12 

3.00 

.5 

11 

.07 

10 

3.0 

6.3 

.0 

41  i  9. 7   1.0 

2.6 

66 

3.34 

May  24 

June    2 

4 

12 

3.00 

.4 

7.4 

.11 

10 

3.7 

5.7 

.0 

43 

9.7     .7 

2.6 

62 

4.21 

June    4 

June  13 

4 

10 

2.50 

.6 

6.6 

.10 

9.1 

3.3 

.0 

30 

10 

.7 

2.6 

62 

4-T9 

June  14 

June  23 

4 

9.0 

2.2.5 

.3 

3.4 

.11 

11 

3.8 

3.'8' 

.0 

43 

10 

.6 

3.2 

58 

3.88 

June  25 

July     4 

9 

21 

2.33 

.4 

4.8 

.09 

12 

4.0 

6.4 

.0 

44 

12 

1.4 

3.0 

66 

4.10 

July    6 
July  15 

July  14 
July  24 

90 

G5 

126 
72 

1.40 
1. 11 

1.6 
1.8 

14*" 

.0!> 
.13 

14 
16 

6.0 

16 
15 

Tr. 
1.6 

3.0 
3.0 

101 
85 

3.73 

as' 

*\6' 

3.52 

July  26 

Aug.    3 

15 

41 

2.73 

1.0 

7.2 

.04 

16 

6.9 

.0 

52' 

16 

1.1 

4.0 

83 

2.57 

Aug.    4 

Aug.  13 

10 

45 

4.50 

.9 

11 

.04 

17 

6.6 

.0 

61 

18 

1.1 

4.0 

94     2.29 

Aug.  15 

Aug.  25 

30 

63 

2.10 

1.2 

4.8 

.04 

19 

7.9 

.0 

66 

18 

1.7 

6.4 

94     2.32 

Aug.  26 

Sept.    4 

12 

31 

2.58 

.7 

11 

.06 

19 

.0 

72 

19 

1.6 

4.8 

109  ,  2.83 

Sept.   5 

Sept  12 

12 

11 

.92 

.6 

13 

.03 

17 

"9.'i* 

.0 

66 

17 

1.5 

3.6 

101  I  4.02 

Mean.. 
Per  ct. 

16 

26 

1.74 

.6 

9.0 

.07 

12 

3.3 

5.4 

.0 

46 

12 

1.1 

2.9 

70  1 

of  anhy- 

1 

drou! 

i  residue. . 

13.1 

e.2 

17.5 

4.8 

7.9 

33.2 

17.6 

1.6 

4.2 

"'"1 

o  Analyses  September  8  to  December  9, 1906.  by  R.  B.  Dole;  December  10,  1906,  to  March  22.  1907,  by 
R.  B.  Dole  and  M.  O.  Roberts;  April  2  to  July  4,  1907,  by  Chase  Palmer  and  M.  O.  Roberts;  July  5  to 
September  12, 1907,  by  R.  B.  Dole.  Chase  Palmer,  and  W.  D.  Collins. 

0  Abnormal;  computed  as  HCOi  in  the  average. 
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Mineral  analyses  of  water  from  Dee  Moines  River  at  Keosauqua,  lowaA 
[  Parts  per  mlllton,  unless  otherwise  stated.  ] 


Date 

(1906-7). 

^ 

00 

6 

1^ 

t 

i 

QQ 

t 
1 

5 
i 

1 

5^ 

ll 

1" 

ll 

r 

o 

g 

> 
n  ca 

From— 

To- 

■^OQ 

r 
1 

Sept  10 

Sept  19 

276 

216 

0.78 

35 

Tr. 

50 

21 

27 

0.0 

233 

51 

2.2 

4.6 

303 

Sept  20 

Sept  29 

425 

514 

1.21 

23 

.10 

47 

12 

20 

.0 

188 

40 

2.6 

4.8 

256 

Sept  30 

Oct.     9 

150 

132 

.88 

23 

.10 

58 

. 

14 

.0 

233 

49 

2.2 

4.8 

294 

Oct.   10 

Oct.   19 
Oct.   29 

65 
20 

46 
24 

.71 
1.20 

32 
31 

.10 
Tr. 

68 
70 

34 
30 

17 
31 

.0 
.0 

1.8 
.6 

6.1 
8.1 

368 

Oct.   20 

*92'" 

396 

Oct.  30 

Nov.    8 

115 

132 

1.15 

23 

.05 

64 

26 

20 

.0 

65 

3.1 

6.4 

336 

Nov.    9 

Nov.  18 

50 

63 

1.26 

22 

.05 

71 

28 

19 

.0 

272' 

1.3 

3.6 

361 

Nov.  19 

Nov.  28 

60 

55 

.92 

17 

.05 

80 

28 

26 

.0 

310 

90'"" 

1.8 

5.1 

399 

Nov.  29 

Dec.    8 

85 

72 

.85 

26 

.15 

74 

27 

22 

.0 

316 

91 

2.0 

6.3 

407 

Dec.     9 

Dec.  18 

30 

24 

.80 

27 

.05 

83 

28 

18 

.0 

96 

3.6 

6.5 

431 

Dec.   19 

Dec.  28 

5 

Tr. 

(?) 

18 

.10 

100 

38 

27 

.0 

"412' 107 

2.6 

8.1 

492 

Dec.  29 

Jan.     7 

525 

460 

.88 

34 

61 

22 

18 

.0 

220 

83 

2.6 

4.6 

346 

Jan.     8 

Jan.    17 

135 

116 

.86 

20 

'.'9 

60 

17 

13 

.0 

167 

61 

it 

6.6 

259 

Jan.    18 

Jan.   27 

235 

211 

.90 

29 

1.2 

30 

10 

11 

.0 

99 

52 

4.0 

207 

Jan.   28 

Feb.    8 

40 

23 

.57 

18 

.45 

48 

17 

16 

.0 

168 

69 

1.4 

6.5 

261 

Feb.  10 

Feb.  19 

220 

182 

.83 

23 

.6 

66 

23 

18 

.0 

281 

104 

2.2 

8.6 

346 

Feb.  20 

Mar.     1 

95 

94 

.99 

14 

.35 

40 

13 

16 

.0 

134 

61 

6.1 

4.7 

214 

Mar.    2 

Mar.  12 

660 

752 

1.16 

20 

1.0 

41 

14 

12 

.0 

129 

60 

7.5 

5.3 

246 

Ifer.  13 

Mar.  22 

960 

1,063 

1.12 

23 

.9 

43 

16 

22 

.0 

79 

7.3 

3.8 

268 

Mar.  23 

Mar.  31 

460 

566 

1.26 

18 

.6 

46 

16 

18 

.0 

"i75 

64 

4.2 

3.3 

268 

Apr.     2 

Apr.  11 

300 

287 

.96 

18 

.5 

66 

19 

13 

.0 

218 

62 

2.6 

3.6 

288 

Apr.   12 

Apr.  21 
May     1 

75 

99 

1.32 

15 

.10 

67 

24 

17 

.0 

266 

76 

4.0 

3.9 

339 

Apr.  22 
Mfay     2 

35 

66 

1.89 

19 

.05 

66 

30 

20 

.0 

274 

89 

.5 

6.2 

386 

May  11 

20 

11 

.15 

71 

24 

20 

.0 

266 

105 

Tr. 

8.8 

383 

May   12 

May  21 

80 

"m 

"i"32 

5.2 

.06 

57 

27 

19 

.0 

238 

94 

1.1 

9.6 

336 

May  22 

May  31 

1,740 

1,667 

.96 

30 

1.0 

53 

19 

13 

.0 

175 

82 

3.4 

3.7 

316 

June    1 

June  10 

1,750 

2,113 

1.21 

18 

.5 

51 

16 

12 

.0 

154 

74 

6.3 

2.8 

275 

Jane  11 

June  20 

1,400 

2,033 

1.45 

26 

.8 

17 

10 

.0 

67 

9.6 

2.5 

303 

June  21 

June  30 

1,200 

1,328 

1.11 

21 

.16 

60' ■ 

19 

12 

.0 

218 

62 

2.8 

2.1 

299 

July     1 

July  10 

1,300 

2,035 

1.56 

24 

.6 

66 

20 

15 

.0 

214 

69 

3.3 

4.6 

296 

July  11 

July  20 

1,670 

1,939 

1.16 

33 

.8 

. 

13 

.0 

155 

44 

6.2 

2.6 

231 

July  21 

July  30 

1,100 

1,268 

1.15 

17 

.16 

42  ■ 

14 

a4 

.0 

185 

36 

1.9 

1.2 

212 

July  31 

Aug.    9 

830 

910 

1.10 

33 

.12 

62 

21 

7.1 

.0 

249 

52 

5.0 

1.8 

310 

Aug.  11 

Aug.  20 

2,400 

2,591 

1.08 

31 

.6 

47 

13 

19 

.0 

176 

51 

7.1 

2.8 

259 

Aug.  21 

Aug.  30 

550 

456 

.83 

9.2 

.04 

64 

22 

23 

.0 

243 

71 

2.0 

6,0 

327 

Aug.  31 

Sept    9 

500 

844 

1.60 

.18 

49 

16 

20 

.0 

166 

2.2 

3.4 

261 

Mean.. 

542 

642 

1.09 

22 

.36 

58 

21 

17 

.0 

216 

71 

3.3 

4.8 

312 

Per  ct. 

of  anhy- 

droui 

I  residue.. 



7.2 

..2 

19.0 

6.9 

5.6 

35.0 

.... 

23.4 

1.1 

1.6 

a  Analyses  September  10, 1906,  to  February  19, 1907,  by  W.  M.  Barr;  February  20  to  March  1, 1907,  by 
H.  8.  Snaulding;  March  2  to  September  9, 1907,  by  Walton  Van  Winkle. 
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SUKFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Lake  Erie  at  Buffalo  ^  N.  F.« 
[Parts  per  million,  onleBS  otherwise  stated.] 


Date 
(1906-7). 

1 

QQ 

i 

t 

t 

M 
S 

1? 

Is 

if 

go 

1? 

•a  2. 

1 

4 

5 

s 

1 

ll 

I 

I 

Sept.  19 

2 
2 
17 
24 
190 
13 

11 
11 

4.2 
7.6 
2.9 
4.5 
8.6 
4.7 
4.6 
3.9 
2-1 

0.13 
.08 
.04 
.04 
.07 
.10 
.06 
.06 
.03 
.03 
.18 

38 
32 
31 
31 
30 
31 
30 
31 
31 
32 
31 

7.1 
6.8 
7.4 
7.4 
7.4 
7.6 
8.2 
7.9 
7.9 
7.8 
8.0 

7.2 
6.3 
6.8 
6.8 
6.4 
6.8 
6.9 
6.6 
6.7 
7.1 
6.9 

4.1 
4.8 

.0 
3.6 

.0 
2.2 
1.4 
4.0 
6.3 
6.2 
3.4 

118 

12 

0.40 
.00 
Tr. 
Tr. 
.26 
.25 
.36 
.6 
.46 
.50 
.35 

8.0 
7.9 
8.2 
8.6 
9.2 
9.2 
8.4 
8.6 
8.8 
9.2 
8.6 

143 
138 
129 
136 
126 
132 
129 
132 
131 
134 
128 

573.27 

Oct.  19              

116  ,  11 

572.35 

Nov.19 

124 
118 
117 
112 
108 
104 
110 
110 
112 

12 
13 
13 
14 
13 
14 
13 
14 
13 

572.32 

Dec.  19 

573.45 

Jan.  19 

573.96 

Mf^r,  10... 

573.22 

Apr.  19 

572.63 

liay  26 

573.84 

June  19 

573.18 

July  19 

573.33 

Aug.  28 

573.02 

Mean 

Per  ct.  of  anhy- 
drous residue.. 

41 

Tr. 

5.9 
4.5 

.07 
6.1 

31 
23.4 

7.6 
6.7 

6.6 
4.9 

3.1 
44.8 

114 

13 
9.8 

.3 
.2 

8.7 
6.. 

133 

a  Analyses  by  R.  B.  Dole  and  M.  O.  Roberts. 
6FefO». 

Mineral  analyses  of  water  from  Flint  River  near  Albany  ^  Ga.<^ 
(Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 

^ 

i 
1 

1 

O 

t 

1 

a 

s 

1 

a  es 

*5, 

1 

1 

1 

si 

•1 

C 

> 

«* 

■==  11 

From— 

To— 

120 

t 

1 

1 

i 

1 

1" 

1 

¥ 

n 

1 

1.8 

3.0 

84 

1 

Oct.  33 

Nov.    1 

64 

0.53 

47 

6.8 

3.6 

0.0 

29 

43 

Nov.    2 

Nov.  11 

45 

31 

.69 

19 

6.8 

11 

4.8 

.0 

61 

3.0 

80 

1.8 

Nov.  12 

Nov.  21 

17 

4 

.24 

26 

.20 

11 

Tr. 

.0 

32 

2.5 

74 

2.3 

Nov.  22 

Dec.     1 

20 

8 

.40 

27 

.30 

12 

1.2 

.0 

34 

2.0 

77 

3.0 

Dec.     2 

Dec.  11 

25 

11 

.44 

33 

.20 

12 

1.2 

.0 

37 

2.2 

90 

1.9 

Dec.  12 

Dec.  21 

36 

18 

.61   34 

.6 

14 

1.6 

.0 

40 

3.5 

93 

2.1 

Dec.  22 

Dec.  31 

40 

17 

.42 

20 

.9 

6.0 

.8 

.0 

29 

3.0 

68 

3.8 

Jan.     1 

Jan.    11 

36 

20 

.07 

18 

.8 

6.2 

1.2 

.0 

22 

3.0 

62 

5.4 

Jan.    12 

Jan.   22 

20 

15 

.76 

22 

.10 

8.1 

.8 

.0 

34 

4.0 

63 

Z» 

Jan.   23 

Feb.    2 

12 

7 

.68 

16 

.8 

7.0 

.8 

•     .0 

24 

1.1 

5.5 

52 

3.0 

Feb.    2 

Feb.  11 

120 

89 

.74 

36 

.9 

6.6 

.8 

.0 

22 

3.0 

66    7.9 

Feb.  12 

Feb.  21 

60 

63 

.88 

22 

1.1 

6.8 

.8 

.0 

22 

4.0 

70    5.8 

Feb.  22 

Mar.    3 

66 

45 

.60 

14 

1.2 

8.4 

1.2 

.0 

27 

3.6 

47 

3.8 

Mar.     4 

Mar.  13 

85 

64 

.75 

18 

1.4 

8.8 

1.2 

.0 

29 

3.0 

54 

5.R 

Mar.  14  ;  Mar.  23 

40 

36 

.90 

12 

.7 

6.4 

.8 

.0 

22 

1.5 

39 

4.1 

Mar.  24 

Apr.    2 

30 

30 

1.00 

24 

1.4 

10 

1.2 

.0 

37 

3.0 

72 

31 

Apr.    3 

Apr.  12 

60 

50 

.83 

19 

.8 

10 

.8 

.0 

34 

3.5 

50 

3.8 

Apr.  13 

Apr.  22 
May     2 

160 

166 

.98 

23 

.9 

9.5 

2.5 

.0 

34 

3.0 

60 

8.6 

Apr.  23 
May    3 

460 

376 

.82 

27 

1.3 

9.0 

1.6 

.0 

84 

3,6 

66 

9.4 

May  12 

660 

33 

2.1 

7.0 

1.2 

.0 

24 

3.0 

60 

7  ? 

Mean 

100 

68 

.67 

24 

.86 

8.8 

1.  4 

67.0 

.0 

31 

C6.0 

3.8 

67 

Per  ct.  of  anhy- 

drous residue  d. 

36.8 

<1.8 

13.0 

2.1 

ia4 

22.8 

9.0 

4.3 

a  Analvses  by  J.  R.  Evans. 

6  Fluctuates  oetween  2  and  10  parts.    Average  value  about  7  parts. 

c  Fluctuates  between  trace  and  8  parts.    Average  value  about  6  pMts. 

d  Approximate. 
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Mineral  analyses  of  water  from  Grand  River  at  Grand  Rapids,  Mieh.^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 

I 

1 

1 

li 

1 

t 

d 

q5 

1 

o5 

Tr. 

1 

1 

i 

1 

1-- 

1 

1 

f 

^1 

0.7 

9.6 

> 
266 

k 

From— 

To- 

Oct.     1 

Oct.   10 

10  39 

8.900.3 

10 

55 

19 

10 

7.2 

220 

29 

ai 

Oct.    11 

Oct.  20 

8  10 

1. 25'  Tr. 

19 

Tr. 

59 

«) 

13 

11 

244  23 

1.0 

7.9 

277 

-  .2 

Oct.   21 

Oct.   30 

7     9 

1.29,  Tr. 

22 

Tr. 

60 

21 

13 

Tr. 

269  24 

.7 

6.7 

277 

.1 

Oct.   31 

Nov.    9 

4     6.2 

1.301.... 

16 

a  04 

62 

21 

11 

4.8 

2541  29 

1.5 

7.9 

282 

.4 

Nov.  10 

Nov.  19 

3 

2.8 

.93.... 

16 

.03  65 

22 

9.0 

13 

2441  31 

1.5 

8.2 

290 

.1 

Nov.  20 

Nov.  29 

19 

22 

1.161  .05 

17 

.03  63 

21 

7.4 

9.1 

234I  37 

3.0 

7.9 

286 

2.1 

Dec.     1     Dec.  11 

5 

4.0 

.80'  .16 

21 

.03  67 

20 

a7 

.0 

246  47 

6.0 

6.7 

303 

1.6 

Dec.  12     Dec.  29 

7 

7.0 

1.00  .2 

15 

.03  69 

22 

6.6 

.0 

246   49 

7.0 

8.8 

311 

1.8 

Jan.     2 

Jan.    10 

375 

255 

.68  4.9 

11 

.12  52 

16 

7.9 

.0 

198   39 

6.0 

6.2 

240 

4.5 

Jan.    11 

Jan.   23 

, . 

46 

2.1 

13 

.3 

45 

13 

7.4 

4.3 

148  34 

6.0 

6.7 

210 

6.6 

Jan.    24 

Feb.    6 

21 

34 

1.621.3 

21 

.07 

45 

14 

6.3 

4.1 

15S   32 

3.1 

4.0 

198 

10.4 

Feb.     7 

Feb.  17 

28 

66 

2.32   .5 

5.6 

.04 

41 

21 

11 

14 

172   42 

6.6 

219 

6.8 

Feb.   18 

Feb.  27 

9 

19 

2.111  .4 

24 

.07 

64 

19 

8.7 

17 

198   42 

"4.0 

&8 

283 

5.4 

Feb.  28 

Mar.    9 
Mar.  19 

38 
42 

76 
65 

2.001.1 
1.551.8 

2.8 
6.6 

.05 
.09 

41 
42 

15 
13 

S.2 
7.9 

36 
30 

1.7 
1.5 

4.8 
4.3 

201 
195 

6.0 

Mar.  10 

is" 

"145 

ao 

Mar.  20 

Mar.  29 

65 

86 

1. 57  2. 6 

6.0 

.12 

42 

12 

6.0 

8.4 

1461  26 

2.0 

4.1 

191 

7.1 

Mar.  30 

Apr.    8 

34 

36 

1.061.1 

11 

.08 

47 

14 

9.1 

11 

1621  30 

4.0 

7.8 

219 

6.3 

Apr-     9 

Apr.  19 
May     1 

7 

18 

2.571  .5 

16 

.04  58 

18 

13 

16 

202!  35 

3.5 

7.2 

269 

2.8 

Apr.  20 
May     2 

36 

35 

.97  1.2 

15 

.1060 

18 

11 

16 

207   35 

2.5 

7.8 

272 

2.0 

May  12 

36 

40 

1.111.4 

16 

.12  50 

15 

11 

12 

179  30 

2.0 

6.0 

235 

6.7 

May   13 

May  24 

9 

13 

1.441  .4 

26 

.08 

60 

19 

9.7 

7.2 

232  35 

4.0 

9.0 

292 

1.6 

May   25 

June    4 

26 

23 

.88  .5 

^.6 

.10 

61 

19 

13 

12 

231   33 

3.0 

9.6 

280 

1.7 

June    5 

June  14 

5 

15 

3.00>  .6 

8.2 

.05 

61 

19 

16 

7.2 

235  35 

2.0 

7.8 

279 

1.0 

June  16 

June  24 

20 

45 

2.251  .8 

ao 

.  14  60 

20 

14 

7.2 

2381  30 

1.0 

7.4 

269 

.4 

June  25 

July     4 

9 

20 

2.22'  .4 

13 

.06  60 

20 

10 

.0 

2571  28 

1.7 

10 

273 

.6 

July     5 

July   16 
July  25 

15 
200 

30 
172 

2.001.0 
.86  4.4 

16 
21 

.05  61 
.09  59 

22 
20 

13 
12 

31 
30 

Tr. 
1.6 

9.8 
9.4 

270 
265 

.2 

July  16 

"u" 

"264 

1.2 

July  26 

Aug.    6 

40 

56 

1.401.6 

10 

.06159 

20 

9.8 

7.2 

2291  32 

.2 

9.4 

259 

.6 

Aug.    7 

Aug.  16 

20 

41 

2.06^  .8 

15 

.05160 

22 

10 

11 

226 

32 

.8 

a6 

266 

.3 

Aug.  17 

Aug.  26 

15 

31 

2.071.1 

12 

.05  58 

23 

8.8 

12 

217 

31 

1.4 

9.4 

263 

.3 

Aug.  27 

Sept.   5 

20 

36 

1.801.0 

24 

.05159 

22 

15 

.0 

249 

36 

1.2 

12 

286 

.3 

Sept.    6 

Sept.  16 

15 

22 

1.  47  1. 2 

14 

.0458 

22 

9.1 

7.2 

228  30 

1.6 

9.0 

263 

.2 

Sept.  10 

Sept.  26 

70 

84 

1. 20  2. 6 

2.4 

.06,53 

18 

9.3 

13 

182   30 

Tr. 

a2 

232 

.3 

Sept.  26 

Oct.     5 

12 

16 

1.25|  .6 

20 

.04  59 

21 

15 

9.6 

2371  29 

2.0 

8.6 

277 

.6 

Mean 

37 

43 

1.611.1 

14 

.07.56 

19 

10 

8.5 

214  33 

2.3 

7.7 

258 

Per  ct." 

of  anhy« 

droufl 

residue .. 

5.5 

6.0    21   Q 

7.4 

3.9 

44.5 

12.0 

.9 

3.0 

a  Analyses  October  1, 1906,  to  November  29, 1906,  by  R.  B.  Dole;  January  2  to  March  29, 1907,  bv  R.  B. 
Dole  and  M.  Q.  Roberts:  March  30  to  July  4. 1907,  by  Chase  Palmer  and  M.  Q.  Roberts;  July  5  to  October 
5, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  w.  D.  Collins. 

»  FetO,. 
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SUKFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Hudson  River  at  Hudsony  N.  Ya 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 

1 

1 

CO 

1 

1 

t 

1 

Ho 

i 

t 

- 

3 

R.2 

ll 
li 

1. 
II 
1 

1 
1. 

i 

3 
CO 

Chlorine  (CI). 

Total    dissolved 
solids. 

From — 

To- 

Sept.  17 

Sept.  27 

10 

11 

1.10 

0.6 

19 

0.2 

24 

4.4 

7.9 

ao 

87 

16 

Tr. 

3.8 

131 

Sept.  28 

Oct.     7 

9 

9 

1.00 

.4     15 

.2 

24 

4.2 

7.9 

.0 

80 

17 

as 

6.3 

129 

Oct.     8 

Oct.    17 

6 

7 

1.17 

.2      9.0 

.1 

26 

3.8 

10 

.0 

80 

20 

.9 

6.6 

131 

Oct.   18 

Oct.   28 

7 

11 

1.57 

.3 

13 

.05 

26 

3.8 

11 

.0 

82 

20 

.7 

6.3 

135 

Oct.   29 

Nov.    7 

8 

11 

1.37 

13 

.18 

25 

4.8 

9.9 

.0 

79 

21 

.9 

4.1 

125 

Nov.    8 

Nov.  17 

8 

10 

1.25 

15 

.16 

22 

4.4 

10 

.0 

77 

21 

.9 

4.1 

123 

Nov.  18 

Nov.  27 

18 

13 

.72 

"'.k' 

13 

.2 

20 

4.2 

7.9 

.0 

71 

15 

1.0 

3.0 

112 

Nov.  28 

Dec.     8 

9 

10 

1.11 

.3 

8.6 

.15 

18 

3.8 

6.3 

.0 

63 

12 

.6 

Z6 

96 

Dec.     9 

Dec.   18 

8 

6.0 

.75 

.6 

8.0 

.08 

20 

4.2 

7.3 

.0 

72 

16 

1.6 

4.3 

99 

Dec.  19 

Dec.  28 

8 

&8 

.85 

.5 

11 

.06 

24 

5.0 

7.6 

.0 

83 

18 

1.5 

4.4 

114 

Dec.  29 

Jan.     8 

39 

40 

1.02 

1.4 

7.4 

.1 

18     4.0 

6.3          .0 

60 

14 

1.8 

2.9 

88 

Jan.     9 

Jan.    18 

31 

30 

.97 

1.1 

12 

.16 

15  1  3.  4 

•4.6 

.0 

52 

12 

1.2 

3.4 

82 

Jan.    19 

Jan.   27 

13 

21 

1.62 

.6 

5.6 

.09 

18  1  4.0 

5.0 

.0 

57 

15 

1.1 

3.6 

86 

Jan.    31 

Feb.    9 

6 

6.4 

1.07 

.4 

9.6 

.12 

21  1  4.6 

5.0 

.0 

67 

16 

1.6 

4.1 

103 

Feb.  10 

Feb.  20 

18 

32 

1.78 

.4 

4.2 

.1 

19  1  4.8 

6.6 

.0 

70 

17 

.0 

4.3 

99 

Feb.  21 

Mar.    2 

9 

11 

1.22 

.8 

9.6 

.13 

24 

5.0 

6.7 

.0 

77 

19 

2.0 

6.0 

118 

Mar.    3 

Mar.  12 

6 

2.6 

.43 

.4 

27 

.13 

25 

4.8 

6.8 

.0 

76 

21 

2.1 

6.0 

129 

Mar.  13 

Mar.  22 

20 

21 

1.05 

1.1 

13 

.13 

20 

4.0 

4.9 

.0 

63 

16 

2.1 

4.2;    98 

Mar.  23 

Apr.    1 

34  64 

1.50 

2.1 

5.6 

.13 

16 

2.2       5.0 

67.9 

43 

9.7 

.3 

1.2 

63 

Apr.    2 

Apr.  12 

15   16 

1.07 

.5 

15 

.09 

16 

1.2  ;    9.8 

.0 

61 

13 

1.3 

2.9 

94 

Apr.  13 

Apr.  22 
May     2 

13   19 

1.46 

.7 

9.2 

.12 

16 

1.4       6.9 

.0 

56 

10 

1.0 

3.0 

82 

Apr.  23 
May    3 

30  33 

1.10 

1.4 

13 

.16 

16 

1.4 

9.4 

.0 

56  :  12 

.9 

2.4 

87 

May  12 

12   15 

1.25 

.6 

12 

.13 

1.0 

6.0 

.0 

48 

12 

.8 

2.4 

77 

May   13 

May  22 

7  1  9.0 

1.29 

.5 

9.0 

.15 

"ie 

1.2 

7.6 

.0 

62 

11 

.8 

2.4 

84 

May  23 

June    1 

6  11 

1.83 

.5 

10 

.15 

18 

1.4 

6.3 

.0 



13 

.6 

3.4 

96 

June    2 

June  11 

7   10 

1.43 

.5. 

5.4 

.11 

18 

1.8 

.0 

63 

.5 

3.4 

92 

June  12 

June  21 

6     9.6 

1.60 

.4 

4.8 

.11 

20 

2.0 

"6.'9"l        .0 

li" 

.5 

3.  4  1    93 

June  22 

July     1 

29  34 

1.17 

1.0 

6.6 

.09 

22 

4.0 

9.5    612 

"56 

14 

Tr. 

6.2  ,  103 

July    2 

July  11 

20  ,30 

1.50 

.8 

9.2 

.12 

5.4       9.8    «H2 

60 

19 

.0     6.8  1  117 

July  12 

July  21 

4   11 

2.75 

.8 

16 

.40 

'22 

4.6     11               .0 

83 

17 

Tr.  i  3. 8     122 

July  22    July  31 

9   13 

1.44  1    .8 

11 

.11 

26 

4.6     12              .0 

92 

20 

Tr. 

3.4     127 

Aug.    1 

Aug.  10 

7 

2.2 

.31 ;  .7 

10 

.21 

26 

6.0 

9.4          .0 

88 

20 

Tr. 

6.0  ,  127 

Aug.  11 

Aug.  21 

8 

23 

;  2.88 

.8 

.14 

26 

5.4 

9.3  1    6  4.8 

84 

19 

.0 

&4 

125 

Aug.  22 

Sept.    1 

7 

6.6 

.94 

.7 

"8.'6' 

.23 

26 

6.4 

9.8 

.0 

95  1  21 

.0 

6.4 

131 

Sept.    2 

Sept.  11 

9 

6.8 

.76 

.9 

8.8 

.42 

26 

5.8 

8.8 

.0 

87  t  22 

Tr. 

6.8 

133 

Sept.  12 

Sept.  22 

11  |12 

1  1.09 

.7 

13 

.10 

26 

5.4 

9.4 

.0 

86  !  23 

Tr. 

4.2 

132 

Mean. 
Per  ct. 

13   16 

1 

1  1.26       .7  '  11 

.15 

21 

3.8 

7.9 

.0 

73  ,  16 

.8 

4.0 

106 

of  anhy- 

drou. 

s  residue. . 

1 

ia9 

C.2 

2a9 

3.8 

7.8 

35l7 

;  15.9 

.8  ,  4.0 

1 

a  Analyses  September  17  to  December  8, 1906,  by  R.  B.  Dole:  December  9, 1906,  to  April  1, 1907,  by  R.  B. 
Dole  and  M.  O.  Rolierts;  April  2  to  July  1, 1907,  by  Chase  Palmer  and  M.  O.  Roberts;  July  2  to  September 
22, 1907.  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 

6  Abnormal;  computed  as  HCOt  in  the  average. 

«FesO». 
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Mineral  analyses  of  tuater  from  Lake  Huron  at  Port  Htaron,  JficA.o 
[Parts  per  million,  unless  otherwise  stated.] 


Date 

»6-7). 

I 

1 

i 

j 

i 

li 

1 
go 

i 

0 

1 

t 

g 

1. 

o 

•a 
Il 

r 

I 

1 

13 

0.02 

24 

6.4 

3.6 

3.4 

97 

4.8 

a3o 

2.6 

108 

581.12 

2 

8.7 

.10 

24 

6.3 

3.7 

3.6 

96 

6.2 

.25 

2.6 

105 

58a  87 

[ 

Tr. 

8.0 

.06 

24 

6.7 

3.0 

.0 

100 

6.6 

.4 

2.6 

101 

58a  68 

Tr. 

12 
12 
14 
14 

.06 
.03 
.03 
.04 

23 
23 
22 
24 

6.7 
7.1 
7.2 
7.7 

3.5 

6.8 
4.7 
6.1 

.0 

.0 

1.2 

Tr. 

103 
99 
101 
106 

6.6 
6.7 
6.7 
6.0 

.3 
.4 
.3 
.46 

3.1 
2.6 
2.6 
2.6 

106 
108 
109 
110 

580.65 

580.65 

1 

580.68 

58a  90 

14 

.05 

25 

7.6 

6.9 

2.4 

102 

7.3 

.4 

2.8 

116 

581.06 

I    , 

8.5 

.04 

24 

7.6 

4.7 

6.3 

96 

6.4 

.46 

2.8 

105 

581.39 

1 

Tr. 

Tr. 

12 

.04 

24 

7.0 

4.4 

1.8 

100 

&2 

.4 

2.6 

108 

[»t.  of  anhy- 

>llSrif9SJfili?. , 

11.1 

c.O 

22.3 

a5 

4.1 

47.4 



6.8 

.4 

2.4 

a  Analyses  by  R.  B.  Dole  and  M.  G.  Roberts. 

b  Oaging  station  at  Harbor  Beach,  Mich.,  60  miles  above. 

cFetOa. 
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SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Iowa  River  at  Iowa  City,  lowafi 
[Parts  per  million,  unless  otherwise  stated.] 


Date 

(1906-7). 


From— 


Sept.  6 
Sept.  16 
Sept.  26 
Oct.  7 
Oct.  17 
Oct.  27 
Nov.  6 
Nov.  16 
Nov.  26 
Dec.  6 
Dec.  17 
Jan.  5 
Jan.  16 
Jan.  29 
Feb.  8 
Feb.  18 
Feb.  28 
Mar.  10 
Mar.  20 
Mar.  30 
Apr.  9 
Apr.  19 
Apr.  30 
May  9 
May  19 
May  29 
June  8 
June  17 
June  27 
July  8 
July  18 
July  28 
Aug.  8 
Aug.  18 
Aug.  28 
Sept.   7 


To- 


Sept.  15 
Sept.  25 
Oct.  6 
Oct.  16 
Oct.  26 
Nov.  5 
Nov.  15 
Nov.  25 
Dec.  5 
Dec.  16 
Jan.  4 
Jan.  15 
Jan.  28 
Feb.  7 
Feb.  17 
Feb.  27 
Mar.  9 
Mar.  19 
Mar.  29 
Apr.  8 
Apr.  18 
Apr.  28 
May  8 
May  18 
May  28 
June  7 
June  16 
June  26 
July  7 
July  17 
July  27 
Aug.  7 
Aug.  17 
Aug.  27 
Sept.  6 
Sept.  16 


Mean 168 

Per  ct.  of  anhy- 
drous residue.. 


o  Analvses  September  6,  1906,  to  February  17, 1907.  by  W.  M.  Barr;  February  18  to  27, 1907,  by  Ilenry 
S.  Spaul'ding:  February  28  to  Septemt)er  Iti.  1907.  by  Walton  Van  Winkle. 
6  Abnormal;  computed  as  HCO|  in  the  average. 
cFeiOf. 
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Mineral^analyses  of  water  from  James  River  at  Richmond,  Va.^ 
(Parts  per  miUioo,  unless  otherwise  stated.] 


Date 
(1906-7). 

3 

1 

a  S 

i 
1 

i 

t 

t 

M 

a 

S.2 

0 

a 
1. 

1 

1 

i 

1 

> 

3 

0 

'** 

From— 

To- 

50  ||§ 

If 
f 

H 

m 

o 

H 

S 

^ 

O 

:4 

u       C3      ca 

^ 

0 

p- 

^ 

Sept.  10 

Sept.  19 

38 

29 

0.76 

2.5 

25 

0.6 

17 

10 

6.8 

0.0     72!    4.3 

Tr. 

2.4 

looi  a  7 

Sept.  20 

Sept.  29 

43 

15 

.35 

2.8 

30 

1.0 

17 

4.2 

6.3         .0 

70     5.1   0.4 

2.2    119      .6 

Sept.  30 

Oct.     8 

400 

85 

.21 

21 

54 

1.3 

17 

3.2 

4.7|        .0 

09    12         .4 

Tr.    146    2.8 

Oct.    10 

Oct.    19 

70 

32 

.46 

3.5 

15 

.5 

15 

2.6 

5.8         .0 

5S     5.1      .9 

1.9     831    1.1 

Oct.   20 

Oct.   29 

270 

56 

.21 

7.1 

21 

.8 

12 

2.0 

0.7 

.0 

3.9     .9 

1.4     93    7.2 

Oct.   30 

Nov.    8 

14 

18 

1.29 

1.1 

31 

.3 

15 

3.6 

6.9 

.0 

fiSJ    6.6     .7 

2.9!    98    1.0 

Nov.    9 

Nov.  18 

12 

12 

1.00 

0.5 

25 

.2 

16 

4.0 

6.6         .0 

71    10    1    .5 

2.2 

97      .6 

Nov.  19 

Nov.  28 

260 

227 

.87 

8.6 

14 

.9 

11 

1.4 

4. 6         .0 

40     5  8     .4 

1.4 

711   2.1 

Nov.  29 

Dec.     8 

14 

11 

.79 

0.8 

18 

.3 

13 

2.4 

3.9         .0'    5S,    4.0;    .2 

.2 

70      .7 

Dec.     9 

Dec.   18 

11 

7.4 

.67 

0.9 

17 

.25 

14 

4.2 

3.0         .01     (K)     5.  l|     .1 

2.2 

79      .6 

Dec.  19 

Dec.  29 

47 

53 

1.12 

3.0 

11 

.4 

13 

3.0 

1.8 

.0     54 

5.9   .2 

2.2 

71     1.3 

Dec.  30 

Jan.     8 

55 

59 

1.07 

6,8'  16 

.8 

11 

2.8 

.0     40 

4.9!  .7 

1.9 

71     1.5 

Jan.     9 

Jan.    19 

9 

20 

2.23 

1.3   15 

.23 

13 

3.2 

::::: 

.0     66 

4.0     .4 

1.9 

73    1.1 

Jan.  20 

Jan.    29 

21 

44 

2.10 

2.3   12 

.26 

12 

2.8 



.0     50'     4.3i     .5 

1.8 

63    1.2 

Jan.   30 

Feb.    8 

6 

10 

1.67 

0.8    14 

.35 

13 

3.2 

.0     53     6.1   Tr. 

2.4 

70    1.0 

Feb.    9 

Feb.  18 

24 

18 

.75 

1.2 

11 

.6 

13 

3.4 

■3.0 

.0     55     6. 1  Tr. 

3.0 

09    1.0 

Feb.   19 

Mar.     1 

17 

15 

.88 

0.6 

13 

.18 

13 

2.0 

4.7 

.0,    6l|    8.8     .9 

1.7 

70    1.0 

Mar.     3 

Mar.  12 

55 

47 

.85 

1.8 

17 

.67 

12 

2.3 

6.1 

.0     49!    7.7     .7 

1.0 

70    1.4 

Mar.  12 

Mar.  22 

55 

50 

.91 

1.8i  13 

.23 

12 

2.5 

6.1 

.0     51'    5.8     .6 

1.0 

69    1.8 

Mar.  23 

Apr.     2 

38 

25 

.(>6 

1.9    16 

.19 

14 

2.5 

0.8 

.0     59    12         .3 

1.4 

83      .9 

Apr.    3 

Apr.  12 

190 

194 

1.02 

8.0   24 

.7 

13 

1.8 

11 

.0,    (iO     8.4     .0 

2.6 

97    3.5 

Apr.  13 

Apr.  22 

42 

04 

1.52 

2.  l'  26 

.16 

13 

1.0 

10 

.01     59|    5.6     .0 

1.8 

91     1.6 

Apr.  23 

May     3 

80 

70 

.87 

2.7 

.7 

16 

3.2 

14 

M7        5,5     7.4  Tr. 

3.4 

174    1.3 

May     4 

May   13 

220 

190 

.91 

10       22 

1.8 

11 

1.4 

6.0 

.0'    52'    6.6     .0 

2.2 

88;    1.8 

May   14 

May  23 

701  64 

2.6  24 

.36 

12 

1.8 

9.4    ft  2.  4     54     a  9  Tr. 

1.8 

91     1.2 

May  24 

June    2 

110|l25 

1.14 

5.  6|  20 

.3 

13 

1.9 

8.8        .0     02;    7.2  Tr. 

2.2 

K8     1.5 

June    3 

June  12 

230,256 
235240 
110  126 

1.13 

14 

6.4 

.5 

9.6 

0.6 

6.9    f>2.4\    33 

7.7     .0 

2.4 

58    3.8 

June  13 

June  22 

1.02 

11 

11 

.3 

12 

0.4 

7.2,6  11 

27 

6.1I    .0 

2.2 

091   3.6 

June  23 

July     2 

1.14 

5.4 

19 

.24 

15 

0.0 

9.8 

6  12 

40 

6. 2,  Tr. 

2.4 

93     1.2 

July     3 

July   12 

48|  40 

.83 

1.2 

11 

.04 

16 

4.0 

8.0 

.0 

02 

7.61    .3 

3.8'    82      .6 

July    13 

July  22 

20 

29 

1.45 

0.0 

17 

.06 

18 

4.6 

6.7 

.0 

71 

8. 4i    .2 

3. 6     94      .6 

July  23 

Aug.    1 

100 

81 

.81 

1.4 

14 

.28 

18 

4.8 

6.1 

.0;    67   11    1  Tr. 

4. 6     97      .4 

Aug.    2 

Aug.  11 

45 

36 

.80 

1.0 

16 

.05 

18 

4.8 

7.2 

.0     71     9.9     .4 

3. 6     98      .2 

Aug.  12 

Aug.  21 

120 

75 

.62 

1.6 

18 

1.5 

17 

5.2 

6.9 

.0....    10         .7 

3.6   100,     .5 

Aug.  22 

Sept.    1 

28 

33 

1.18 

1.2 

12 

.19 

19 

5.5 

5.0 

63.61    67    10        .3 

3.6|    97      .3 

Sept.    2 

Sept.    9 

150 

90 

.60 

1.5 

16 

.79 

19 

5.1 

6.0 

.0....|  11       Tr. 

3.2,  100      .2 

Mean.. 

90 

71 

.96 

3.9 

18 

* 

14 

3.0 

6.7 

.0     6O1     7.1      .3 

2.3!    «0 

Per  ct 

of  anhy- 

1 

i 

drow 

i  residue . . 

22.0 

'•.9 

17.1 

3.7 

8.2 

30.2    --- 

8.7     -4 

2.8 

1 

I_ 

1 

a  Analy.scs  September  10  to  Novemlwr  28,  1906,  by  R.  B.  ^^^.c,  ^'.v**^..^  •  *jt.  *« 
B.  Dole  and  M.  0.  Roberj^;  April  3  to  July  2.  1907^  bj^  Chase  PaUner  and  M.  G.  Robe'rts;  July  li2  to 


,  Dole; 


Noyembor  29^,1906,  to  April  2.  1907,  by 

rv.    r>.    I'uiri  aiiu   at.,  \i.   ivui^ci  to,    j\ynn  o   tu  ouijf    i,.    imjf,   ltv    V/iioo^   P 

Septeml«r  9, 1907,  by  R.  B.  Dole.  Chase  Palmer,  and  W.  D.  Collins. 
h  Abnormal;  computed  as  HCO|  in  the  average. 
<  F©f  Oi. 


Digitized  by  VjOOQIC 


68 


SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERmiAN. 


Mineral  analyses  of  water  from  Kalamazoo  River  near  Kalamazoo ,  Mich.<^ 
[Parts  per  million,  tmlws  otherwise  stated.! 


Date 
(1906-7). 

1 

3 

4 

1 

6 

t 
I 

i 

t 
1 

i 

1 

8 
1 

It 

SB 

1 

r 

o 

•5  . 

1 

2    o 

From— 

To- 

Sent.  28 

tn 

^ 

0.3 
.3 

29 
19 

0.3 
.3 

59 
58 

!i 

tn 

o 

250 
236 

QQ 

16 

V5 

o   ,h 

Sept.  19 

20 
20 

9.0 

8.7 

6.8 

9.8 

1.5     3. 8  '272 

Sept.  29     Oct.     8 

22     1.5 

3.8     265 

Oct.     9 

Oct.    18 

5 

12  ■' 

2.' 40" 

Tr. 

20 

Tr. 

62 

19 

8,8 

8.4 

257 

15 

2.1 

4.3     261 

Oct.    19 

Oct.   28 

3 

7.0 

2.33 

Tr. 

20 

Tr. 

62 

19 

8  5 

6.8 

264 

14 

1.6 

a6  2f2 

Oct.   29 

Nov.    7 

5 

7.6 

1.52 

.1 

16 

Tr. 

64 

18 

6.1 

17 

238 

28 

2.6 

3. 8  1  278 

Nov.    8 

Nov.  17 

9 

7.2 

.80 

Tr. 

17 

Tr. 

63 

18 

6.5  ,      .0 

271 

25 

2.4 

3.8    284 

Nov.  18 

Nov.  27 

8 

7.4 

.92 

.1 

19 

Tr. 

66 

19 

8.3  1       .0  ;  250 

27 

2.8 

3.6  1  2fi2 

Nov.  27 

Dec    7 

4  !    4.8 

1.20 

Tr. 

21 

Tr. 

64 

19 

7.2  1    Tr.  !  253 

21 

2.8 

3.4     267 

Dec.     8 

Dec.  18 

7  i    3.2 

.46 

.1 

15 

.06 

60 

18 

5.  4       5. 3  i  222 

31  ,0.8 

3.0    2S.^ 

Dec.  19 

Dec.  28 

5  1    3.2 

.64 

.1 

20 

.07 

68 

21 

5.8  '  17      1  234 

31 

3.2 

3.6  ,  2» 

Dec.  29 

Jan.     1 

6       5.6 

.93 

.3 

17 

.07 

<i3 

19 

4.9 

.0     252 

24 

3.2 

3.  4  1 2f<; 

Jan.     8 

Jan.    17 

11  ,  13 

1.18 

.8 

22 

06 

56 

17 

3.3 

.0 

213 

31 

3-2 

3. 4     241 

Jan.    18 

Jan.   28 

11     11 

1.00 

.6 

11 

.03 

52 

16 

6.5 

.0 

198 

28 

3  2     3.0  1  223 

Jan.   29 

Feb.    8 

9     54      !  6.00 

.4 

11 

.05 

49 

19 

7.1 

19 

202 

32 

1.9  1  3.5    23* 

Feb.    9 

Feb.  18 

19     89      '4.68 

.3 

2.8 

.06 

31 

19 

8.4 

14 

160 

25 

.2 

2.9     174 

Feb.  19 

Feb.  28 

13     85         6. 54 

.2 

3.4 

.06 

22 

17 

7.4 

19 

121 

.0 

3.1     140 

Mar.  11 

Mar.  20 

4       7.0  1   1.75 

.4 

23 

.06 

57 

17 

6.9 

14 

220 

23 

3.6 

3.0  ,2S2 

Mar.  21 

Mar.  27 

9     15         1.67 

.8 

15 

.05 

52 

14 

6.3 

4.8     193 

22 

2.0 

2.4     223 

Mar.  31 

Apr.    9 

9     16         1.78  '    3 

19 

.06 

52 

14 

11 

14         173 

26  1  2. 0     3.  b    2S.i 

Apr.  10 

Apr.  21 
May     1 

10     25         2. 50  ,  .  15 

26 

.06 

16 

17         160 

24     3. 5 

4.  6  1  232 

Apr.  22 
May     2 

8     12         1.50  1  .3 

24 

.Oi 

59 

17 

io 

17        218 

20     2.5 

3.6    2h5 

May   11 

13     19      '  1.46    1.6 

8.8 

.05 

49 

15 

6.9 

12         163 

30  1  2.5 

3.4    214 

May  12 

May  21 

2       3.5  1  1.75     .1 

19 

.07 

60 

18 

12 

12         234 

22  1  1.8 

3.4     2S5 

May  22 

June    1 

4       6.5     1.62  1  .2 

14 

.06 

58 

18 

10 

12        235 

20  ,  1.5 

2.H     2i2 

June    2 

June  11 

6  .    9.5     1.58  !  .2 

12 

.03 

5K 

18 

11 

11         228 

20     2.5 

3.0    24f» 

June  12 

June  22 

3 

6.5  :  2.17  1  .3 

15 

.05 

.58 

19 

13 

Tr.  ,  249 

19     1.  6  ,  3.  4  1  254 

June  23 

July     3 

3 

32       10.65     .6 

16 

.06 

56 

20 

9.5 

4.8  ,  227 

17     Tr. 

4.  2  ,  241 

July     4 

July   13 

10 

95        9.50     Tr. 

22 

Tr. 

37 

20 

.0 

174 

22 

Tr. 

2.6     IW 

July   14 

July  23 

7     36      1  ,5.14    Tr. 

11 

Tr. 

37 

19 

9.6 

135 

20 

Tr. 

2.4     1** 

July  24 

Aug.    2 

4     11         2.75     Tr. 

23 

Tr. 

.58 

20 

12 

202 

20 

.9 

2.2    2* 

Aug.    3 

Aug.  12 

3      7.0  I  2.33  ^Tr. 

14 

Tr. 

55 

19 

io"  ■ 

Tr. 

228 

20 

1-5     4.5     233 

Aug.  13 

Aug.  22 

3  ;    8. 4     2. 80     Tr. 

19 

Tr. 

38 

21 

.0 

167 

19 

2. 0     3. 6     l« 

Aug.  23 

Sept.    1 

2 

5.0     2.50  ITr. 

23 

Tr. 

58 

21 

12' 

.0  '  251 

21      1.5     3.4    2S4 

Sept.    2 

Sept.  11 

3 

5.  4     1. 80  1  Tr. 

22 

Tr. 

58 

21 

..... 

.0  I  246 

20     1.4     3.6)257 

Sept.  12 

Sept.  21 

6 

7.6     1.27 

Tr. 
.2 

18 

Tr. 

67 

20 

9.6 

226 

19     1.3     3. 8  '  246 

Mean.' 

7 

19 

2.64 

17 

.05 

55 

18 

8.2 

7.8 

216 

23  1  1.9     3.4    2fi 

Per  ct.  of  anhy- 

1 

drous  residue.. 

1 

7.1 

6.0 

22.9 

7.5 

3.4 

^•'i 

9.6 

0.8  1  1.4     .  . 

o  Analyses  September  19  to  December  7, 1906,  by  R.  B.  Dole;  December  8 .1906,  to  March  27, 1907.  by  R.  B. 
Dole  and  M.  O.  Roberts;  March  31  to  July  3, 1907,  by  Cha.se  Palmer  and  M.  O.  Roberts;  July  13  to  Septem- 
ber 21,  1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 
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Mineral  analyses  of  water  from  Kentucky  River  at  Frankfort^  Kyfl 
[Parts  per  mlUJon,  unless  otherwise  stated.] 


Date 

1 

i 

^ 

« 

(1906-7). 

1 

1 

1 

c 

r 

^ 

< 

( 

J 

1 
\ 

From — 

To- 

H 

QQ 

63 

t 
0.90 

2.7 

15 

0.9 

2.2 

0 
11 

0.0 

Tr. 

Aug.  28 

Sept.  7 

70 

77 

5.4 

1.4 

102 

6.4 

Sept.  8 

Sept.  17 

180 

108 

.60 

4.0 

28 

1.2 

is 

4.2 

8.9 

;0 

80 

6.4 

1.5 

1.7 

120 

6.8 

Sept.  18 

Sept.  27 

165 

84 

.51 

5.2 

23 

1.4 

21 

2.6 

7.2 

.0 

76 

7.6 

2.4 

1.9 

117 

6.4 

Sept.  28 

Oct.  7 

160 

101 

.63 

4.9 

21 

.8 

30 

4.6 

9.1 

.0 

111 

8.2 

2.6 

1.7 

147   7.3 

Oct.   8 

Oct.  18 

105  73 

.m 

2.7 

19 

.6 

27 

4.8 

6.5 

.0 

103 

8.7 

2.8 

2.4 

133   7.0 

Ott.  19 

Oct.  28 

50  34 

.(i8 

2.0 

5.2 

.4 

21   4.2 

5.5 

.0 

83 

7.6 

1.7 

2.2 

lOi  1  6.0 

Oct.  29 

Nov.  8 

43  25 

.58 



19 

.3 

22 

4. 6  6. 8 

.0 

89 

8.9 

2.0 

2.4  111  1  5.8 

Nov.  9 

Nov.  19 

32   19 

.59 

14 

.12 

25 

4.  4  7. 2 

.0 

90 

7.9 

2.1 

2.2  ;112   5.S 

Nov.  20  Nov.  30 

.  406 

8.' 8 

12 

.7 

26 

4. 0  «i.  5 

.0 

89  10 

5.0 

3.0  117   8.9 

I>ec.  1 

Dec.  12 

105  1  41 

.39 

1.9 

15 

.6 

2ti 

5.  4  4. 3 

.0 

80  ;...  . 

6.2 

...117   6.2 

I>ec.  13 

Dec.  23 

450  430 

.9<i 

9.3 

15 

.65 

27 

4.8  :  3.6 

.0 

99  !  6.9 

7.4 

1.8  ,125  10.6 

I>ec.  24 

Jan.  2 

270  206 

.76 

r^.H 

18 

1.4 

25 

4.6  3.0 

.0 

79  ;  7.9 

6.4 

1.7  118 

10.2 

Jan.  3 

Jan.  12 

210  140 

.67 

3.2 

14 

.4 

28 

4.8  I  3.6 

.0 

94  1  9.  4 

7.4 

1.4  121 

9.5 

Jan.  13 

Jan.  22 

700  (i60 

.94 

16 

15 

.7 

26 

5.2  1  .5.2 

.0 

96  7.4 

7.0 

1.8  125 

19.1 

Jan.  23 

Feb.  1 

150  97 

.65 

4.2 

14 

.8 

22 

4.8  ,  5.0 

.0 

..   8.1 

5.0 

1.2  95  1  9.6 

Feb.  2 

Feb.  11 

65  124 

1.91 

3.5 

13 

.16 

13 

4.0  1  3.8 

5.8 

45  1  8.1 

.4 

1.4  73 

8.4 

Feb.  12 

Feb.  21 

36  58 

1.61 

1.9 

9.8 

.09 

18 

3. 8  5.  5 

14 

40  1  8.9 

.9 

2. 4  83 

8.0 

Feb.  22 

Mar.  3 

200  273 

1.36 

10 

4.0 

.15 

18 

3.  4  4. 3 

12 

46  '  8.9 

1.8 

2.0  78  10.1 

Mar.  4 

Mar.  13 

210  ,172 

.82 

5.8 

12 

.35 

19 

3. 6  6. 2 

.0 

74  8.7 

4.1 

1.6  ,  96  10.4 

Mar.  14 

Mar.  23 

tioO 

ti32 

.97 

23 

21 

.4 

18 

3.  4  6. 5 

.0 

70  S.2 

4.0 

1.3  lOO  13.0 

Mar.  24 

Apr.  2 

43 

36 

.84 

1.4 

11 

.12 

21 

4.0  5.7 

2.9 

73  ,  8.2 

2.8 

2.4  92 

6.7 

Apr.  3 

Apr.  12 

90 

65 

.72 

2.1 

15 

.18 

IS 

3.2  1  6.9 

.0 

(V3  1  8.4 

2.2 

2. 5  88 

8.0 

Apr.  14 

Apr.  23 
May  3 

26 

24 

.92 

1.4 

22 

.21 

13 

1.3  8.7 

2.4 

49  '  6.2 

1.5 

2.  <»  8<> 

7.3 

Apr.  24 

24 

28  1.17 

0.5 

12 

.Oli 

14 

1.4  ;  6.4 

.0 

59  1  7.7 

.3 

2.2  1  86 

6.8 

May  4 

May  13 

90  137 

1.52 

3.0 

18 

.10 

18 

3.0  i  7.9 

.0 

89  !  4.0 

.5 

1.4  100 

9.0 

May  14 

May  23 

49  52 

1.06 

1.9 

34 

.6 

20 

2.  4  1  9. 1 

.0 

82  ,  7.6 

2.0 

1.9  131 

7.2 

May  25 

June  3 

26  28 

1.08 

.8 

15 

.10 

21 

3.8  ,  7.9 

2.9 

77  7.7 

1.5 

2.4  102 

6.7 

June  4 

June  13 

375  357 

.95 

13 

22 

1.3 

13 

1.7  9.1 

.0 

51  7. 2 

1.8 

2.4  106 

9.4 

June  14 

June  24 

215  237 

1.10 

5.6 

16 

.61 

14 

1.3  9.9 

.0 

54  11 

1.5 

1.  4  1  93 

8.3 

Jiuie  2ti 

July  6 

(^8 

69 

1.02 

2.3 

12 

.11 

16 

3. 8  6. 1 

8.4 

49  7. 1 

Tr. 

1.8  81  ,  6.3 

July  7 

July  16 

40 

75 

1.88 

1.8 

16 

.05 

17 

4. 8  9. 1 

12 

46  12 

Tr. 

2.2 

85 

6.4 

July  17 

July  26 

190 

103 

.54 

3.8 

28 

.52 

17 

9.9 

8.4 

58  12 

.0 

2.4 

108 

6.2 

July  27 

Aug.  6 

33 

53 

1.60 

1.4 

7.8 

.26 

21 

6.6 

17 

41   9.9 

.0 

2.6 

87 

5.9 

Aug.  6 

Aug.  15 

45 

30 

.67 

2.1 

16 

.49 

21  7.6 

.0 

72  9. 1 

1.3 

.6 

96 

5.7 

Aug.  Ifi 

Aug.  25 

20 

16 

.80 

1.0 

16 

.16 

22  8.3 

.0 

78  f  9.4 

1.2 

3.6 

99 

6.1 

Aug.  26 

Sept.  4 

70 

39 

M\ 

2.4 

22 

.70 

22  7.2 

21  i  3.7  6.8 

1 

.0 

2.4 

78  8.7 
73  8.3 

1.3 

2.5 

3.0 
2.0 

112 
104 

6^4 

Mean 

150 

142 

.93 

4.7 

16 

.49 

Per  ct. 

of  anhy- 

drous 

i  residue.. 

16.1 

ft. 7 

21.1   3.7  1  6.9 

38.6 

1  8.4 

2.5 

2.0 

«  Analyses  August  28, 1906,  to  January  22, 1907.  by  R.  B.  Dole;  January  23  to  April  2,  1907,  by  R.  B.  Dole 
and  M.  G.  Roberts;  April  3  to  July  5, 1907.  by  Chose  Palmer  and  M.  0.  Roberts;  July  7  to  September  4, 1907, 
by  R.  B.  Dole,  Chase  Palmer,  and  VV.  D.  Collins. 

6  FesO,. 
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SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Lehigh  River  at  South  Bethlehem^  Pa.^ 
[Parts  per  mllUoii,  unless  otherwise  stated.] 


Date 
(1905-7). 


From— :     To— 


Sept.  11 
Sept.  21 
Oct.  1 
Oct.  11 
Oct.  22 
Nov.  1 
Nov.  12 
Nov.  23 
D^.  4 
Dec.  14 
Dec.  24 
Jan.  3 
Jan.  14 
Jan.  20 
Feb.  0 
Feb.  10 
Feb.  20 
Mar.  8 
Mar.  18 
Mar.  28 
Apr.  8 
Apr.  18 
Apr.  28 
May  8 
May  18 
May  28 
June  7 
June  17 
June  27 
July  7 
July  18 
July  28 
Aug.  7 
Aug.  18 
Aug.  28 
Sept.  7 
Sept-  17 


Sept.  20 
Sept.  30 
Oct.  10 
Oct.  21 
Oct.  31 
Nov.  11 
Nov.  21 
Dec.  3 
Dec.  13 
Dec.  23 
Jan.  2 
Jan.  13 
Jan.  25 
Feb.  4 
Feb.  15 
Feb.  25 
Mar.  7 
Mar.  17 
Mar.  27 
,  Apr.  7 
Apr.   17 

May  17 

I  May  27 
June    6 

i  June  15 
June  20 

,  July  0 
July  17 
July  27 

i  Aug.  0 
Aug.  17 
Aug.  27 
Sept.    0 

I  Sept.  10 
Sept.  20 


8 

7.4 

0.92 

7 

6 

.80 

12 

11 

.92 

8 

7.8 

.98 

13 

20 

1  54 

12 

12 

1.00 

10 

18 

1  12 

10 

10 

1  00 

13 

11 

.85 

11 

10 

.91 

50 

107 

2.14 

17 

34 

2.00 

13 

22 

1.09 

11 

11 

1.00 

9 

4.0 

.51 

0 

10 

1.00 

U 

9  0 

.82 

55 

103 

1.88 

19 

49 

2.58 

12 

19 

1.58 

1 

17 

17.00 

4 

10 

2  50 

2 

7.2 

3  00 

18 

20 

1  11 

1 

7.0 

7.00 

10 

i 

5  4 

5.40 

2 

15 

7.50 

3 

19 

0.33 

4 

48 

1.20 

42 

34 

.81 

30 

35 

1.17 

5 

52 

1.04 

4 

4.8 

1  20 

« 

19 


3  17 

,40 

39 

.98 

Mean 14     21 

Per  ct.  of  anhy- 
drous residue..  . 


,  2  40 


o  Analyses  September  11  to  October  31,  1900,  by  R.  B.  Dole;  November  1,  1900,  to  April  7,  1907.  by  R- 
B.  Dole  and  M.  G.  Roberta;  April  8  to  June  20, 1907,  by  Chase  Palmer  and  M.  G.  Roberts;  June  27, 1907» 
to  September  20, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  CoUlns. 

b  Gaging  station  at  Mauch  Chunk,  Pa.,  30  miles  above. 

c  Abnormal;  computed  as  llCOa  in  the  average. 

d  FesOa. 
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Mineral  arudyKs  of  water  from  Maumee  River  at  Toledo ^  Ohio.^ 
[Parts  per  million,  untass  otherwise  stated.] 


Date 

1 

1 

(1906-7). 

;A 

t 

1 

5 

1 

^ 

CO 

^ 

From— 1     To— 

I 

1 

1 

1 

I 

CO 

1 

a 

Sept.   9     Sept  18 

55 

46 

0.84 

2.0 

28 

0.10 

68 

17 

Sept  19     Sept  29 

70 

55 

.79 

2.4 

26 

.20 

67 

16 

Sept  30     Oct     9 

53 

46 

.87 

2.4 

19 

.10 

67 

16 

Oct    11  1  Oct   20 

37 

30 

.81 

1.4 

20 

Tr. 

67 

19 

Oct   21  '  Nov.    1 

22 

27 

1.23 

1.0 

24 

.04 

66 

22 

Nov.    2     Nov.  11 

16 

14 

.87 

1.1 

17 

.03 

73 

23 

Nov.  12     Nov.  23 

80 

84 

1.05 

2  2 

14 

.06 

62 

21 

Nov.  24     Dec.     4 

230 

105 

.46 

3  5 

16 

.16 

54 

13 

Dec.     6     Dec.   15 

290 

590 

2.04 

6  6 

23 

.4 

53 

13 

Dec.  16     Dec.  26 

210 

112 

.53 

3  9 

27 

.3 

57 

14 

Jan.     6     Jan.    15 

350 

235 

.67 

8.0 

18 

.7 

42 

8.2 

Jan.    16     Jan.   26 

375 

230 

.61 

11 

17 

1.1 

37 

Jan.    27  ,  Feb.     7 

55 

43 

.78 

2.1 

7.2 

1.5 

48 

i2  ' 

Feb.     8  '  Feb.  18 

20 

22 

1.10 

.9 

14 

.13 

77 

18 

Feb.  19     Feb.  28 

12 

9.2 

.77 

.6 

15 

.03 

80 

22 

Mar.     1     Mar.  10 

37 

29 

.78 

1.1 

11 

.04 

70 

19 

Mar.  11     Mar.  23 

900 

402 

.45 

16 

36 

.7 

44 

12 

Mar.  24  ,  Apr.     2 

730 

423 

.58 

15 

5  0 

.20 

42 

11 

Apr.     3  I  Apr.   12 

98 

133 

1.36 

3  3 

6  0 

.10 

43 

12 

Apr.   13  1  Apr.  23 
Apr.  24  '  May    3 
May     4  <  May  14 

27 

28 

1  04 

1.2 

24 

.08 

72 

18 

37 

38 

1.03 

1.3 

20 

.06 

74 

20 

9 

13 

1.45 

.3 

13 

.03 

64 

18 

May  15  <  May  23 

42 

58 

1.38 

10 

9  8 

.10 

60 

23 

May  25  1  June    3 

20 

47 

2.35 

.6 

4.8 

.08 

12 

June    4     June  13 

175    175 

1  00 

4  0  I  18 

.18 

10 

June  15 

June  24 

250  |254 

1  02  1  6  3 

18 

.18 



11 

June  25 

July    2 

120 

133 

1.11  12  2 

3  8 

.16 

12 

July     6 
July  17 

July  16 
July  20 

1.9 

.  12 

35 

16 

270' 

195"'" 

"'.72 

6  7 

"24'" 

.6 

52 

13 

July  27 

Aug.    6 

63 

61 

.97 

2  5 

19 

.7 

44 

9.0 

Aug.    6 

Aug.  15 

40 

32 

.80 

1  2 

18 

.14 

56 

12 

Aug.  16 

Aug.  26 

40 

32 

.80 

1  1 

12 

.11 

64 

16 

Aug.  27 

Sept    7 

38 

30 

.79 

15 

14 

.16 

63 

17 

Sept    8 

Sept  17 

38 

30 

.79 

.7 

22 

.08 

62 

18 

Sept  18 

Sept  27 

125 

122 

.98 

2  5 

18 

.6 

52 

16 

Sept  28 

Oct     7 

90 

44 

.49 

1.6 

22 

•' 

53 

14 

Mean.. 

143  ill2 

.95 

3.4 

17 

.27 

57 

16 

Per  ct. 

of  anhy- 

drouf 

t  residue.. 

5.8 

..1 

19.4 

5.4 



I- 

i5 


V       I  J.        «      I   o 


? 

B^ 

•d 

'"^    «^ 

«8X 

11 

5co 

w 

n 

00 

0.0 

178 

44 

.0 

190 

44 

.0 

192 

43 

.0 

221 

60 
68 
71 

6.8 

208 

80 

48 

.0 

157 

.0 

159 

47 

5.8 

160 

51 

.0 

134 

33 

.0 

123 

29 

Tr. 

151 

37 

5.5 

228 

6d 

.0 

242 

74 

.0 

216 

67 

6.0 

128 

40 

.0 

131 

41 

12 

102 

43 

11 

210 

57 

9.6 

214 

63 

9.6 

178 

59 

8.4 

172 

58 

Tr. 

93 

50 

a4 

95 

34 

Tr. 

120 

34 
30 

Tr. 

134 

44 

.0 

181 

34 

.0 

157 

22 

Tr. 

199 

33 

.0 

228 

47 

.0  '  224 

50 

.0  1  229 

53 

.0     187 

44 

.0 

177 

42 

2.5  ,  173       48  I    4.5 


29.7 


16.3       1.5 


a  Analyses  September  9, 1906,  to  March  10, 1907,  by  R.  B.  Dole  and  M.  G.  Roberts;  March  11  to  October  7, 
1907,  by  Chase  Palmer  and  M.  U.  Roberts. 


Digitized  by  VjOOQIC 


72 


SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Miami  River  at  Dayton^  Ohiofi 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(1W6-7). 

i 
1 

w 

1' 

t 
i 

1 

OQ 

t 

t 

i 

58 

t 

28 

!! 

10 

0 
0 

L 

"go 

i 

9.0 

1 

I"' 

r 

PQ 
264 

• 
0 

f 

38 

9 

•5  . 
«^ 

1 

a9 

u 

i.i. 

Prom- 

To- 

-2  8? 

Sept.  16 

Sept.25 

32 

75 

2.34 

3.1 

16 

Tr. 

5.0  300    0.7 

Sept.  26 

Oct.     5 

32 

58 

1.81 

.9 

21 

Tr. 

65 

28 

9.0 

9.0 

280 

35 

2.8 

5.8'  318      .8 

Oct.     6 

Oct.    15 

18 

32 

1.78 

.4 

17 

Tr. 

63 

26 

9.6, 

.0 

297 

37 

3.1 

5.0,309      .6 

Oct.    16 

Oct.   26 

14 

26 

1.86 

.10 

18 

Tr. 

65 

27 

9.0, 

.0 

301 

40 

2.9 

5.0  317       H 

Oct.   26 

Nov.    4 

5 

14 

2.80 

.15 

20 

Tr. 

66 

28   11    1 

8.2 

291 

41      2.0] 

5.5  327    1.0 

Nov.    5 

Nov.  14 

8 

20 

2.50 

Tr. 

20 

Tr. 

69 

29     9.8 

Tr. 

317 

41      2.0 

5.3  335    2.0 

Nov.  15 

Nov.  24 

76 

89 

1.19 

2.1 

14 

0.24 

64 

27|    9,8 

11 

250 

40     7.0 

4.3   304    2.8 

Nov.  25 

Dec.     4 

16 

21 

1.31 

.5 

19 

.05 

75 

28     7.4 

3.6 

278 

00   15 

4. 0,  346    2. 4 

Dec.     5 

Dec.  14 

26 

34 

1.31 

.7 

26 

.07 

76 

28     8.2 

10 

260 

62 

12 

4.7 

356    2.5 

Dee.   15 

Dec.  24 

80 

64 

.67 

1.4 

15 

.23 

64 

23!    6.8 

.0 

239 

.W 

13 

3.0 

296,  ao 

Dec.  25 

Jan.     4 

177 

3.2 

16 

.19 

68 

241    7.1 

.0 

272 

52 

12 

3.5 

318;  4.2 

Jan.     5 

Jan.    14 

m 

118 

".'56 

3.0 

14 

.5 

50 

17|    6.5' 

.0 

184 

36 

18 

3.6 

2381  a.-i 

Jan.    15 

Jan.   24 

450 

223 

.50 

a7 

16 

.7 

42 

14     7.1 

.0 

161 

29 

ll 

3.4 

212    7.5 

Jan.  25 

Feb.    4 

75 

49 

.65 

1.8 

16 

.6 

61 

23     8.8 

12 

229 

44 

16 

4.1 

301    3.3 

Feb.    5 

Feb.  14 

45 

42 

.93 

.5 

a8 

.05 

60 

26!  ao 

12 

216 

51 

10 

3.8 

282    2.9 

Feb.  15 

Feb.  24 

11 

28 

2.55 

.4 

24 

.06 

58 

25     6.9 

13 

212 

42 

11 

4.1 

29K    2.8 

Feb.  25 

Mar.    6 

260 

143 

.55 

4.2 

25 

.08 

67 

25     7,4 

8.4 

2461      49 

9.0 

3.8 

32©  2.9 

Mar.  27 

Apr.    6 

37 

52 

1.41 

1.0 

15 

.12 

64 

24,    8.0 

12 

228       44 

10.0 

4.6 

299'  2.2 

Apr.    7 

Apr.  16 

25 

67 

2.68 

.3 

20 

.14 

50 

26 

8.4 

12 

200       44;  15 

5.4 

2821  2.1 

Apr.  17 

Apr.  26 
May    6 

26 

32 

1.28 

.6 

19 

.11 

58 

25 

3.5 

16 

217 

41 

15 

4.2,  298    2.2 

Apr.  27 
liay     7 

20 

36 

1.80 

.4 

15 

.16 

62 

24 

a3 

13 

229 

39 

19 

3.8  297    2.5 

May  16 

18 

35 

1.94 

.4 

23 

.11 

58 

23 

3.3 

14 

217 

40 

18 

4.3:  292    2.0 

May  17 

May  28 

37 

79 

2.14 

1.3 

14 

.10 

52 

26i    3.0 

12 

2181      41 

15 

3.81  275    1.8 

May  29 

June    8 

240 

186 

.77 

4.4 

19 

.19 

53 

201  12 

10 

1971      34 

15 

4.8 

264    3.8 

June    9 

June  18 

280 

252 

.90 

7.0 

18 

.7 

49 

18)  11 

9.6 

18(1 

1      27 

17 

3.8 

252    5.2 

June  19 

June  28 

75 

76 

1.00 

2.6 

17 

.12 

60 

'      22i  11 

2.4 

249 

33 

6.2 

4.8 

2S3    2.5 

June  29 

July    8 

90 

168 

1.86 

1.6 

17 

.03 

42 

26!    8.2 

.0 

206 

'      37 

1.2 

4.2 

240;   1.9 

July    9 

July  19 

351 

7.9 

30 

.35 

61 

20 

14 

.0 

1      26 

&4 

2.4 

254'  4.0 

July  20 

July  29 

234 

3.2 

8.6 

.04 

26 

18 

12 

.0 

32 

Tr. 

.6 

163    3.4 

July  30 

Aug.    8 

125 

1.6 

9.2 

Tr. 

5C 

24 

12 

.0 



37 

1.6 

.6 

258;  2.2 

Aug.    9 

Aug.  18 

77 

1.0 

18 

.03 

55 

25 

11 

.c 

39     1.5 

1.4 

2731   1.4 

Aug.  19 

Aug.  28 

"35 

48 

'i.'37 

.9 

9.S 

.05 

09 

29'  12 

.0 

323 

34 

.0 

6.4 

331'   1.1 

Aug.  29 

Sept.   7 

43 

46 

1.07 

.9 

16 

.04 

63 

24 

14 

.c 

287 

1      « 

2.5 

5.8 

304    1.2 

Sept.   8 

Sept  17 

14€ 

13C 

.93 

2.6 

19 

.13 

6fl 

26 

13 

.c 

251 

1    3e 

2.2 

4.8 

289:   1.7 

Mean. 
Perct 

84 

94 

1.46 

2.0 

17 

.15 

5fl 

24 

9.0 

5.8 

244 

4C 

a€ 

4.1 

289!.... 

ofaiihy- 

drous  residue.. 

5.fl 

1'" 

20.1 

1 

3.1 

43.8 



13.9'    3.0 

1.4 

........ 

1 

i 

i 

a  Analyses  September  9  to  December  4, 1906,  bv  R.  B.  Dole;  December  5, 1906,  to  March  6, 1907,  by  R. 
B.  Dole  and  M.  O.  Roberts;  March  27  to  June  2»,  1907,  by  Chase  Pahner  and  M.  O.  Roberts;  June  29  to 
September  17, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  CoUlns. 

ftF«K)«. 
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Mineral  analyses  of  water  from  Lake  Michigan  at  St,  Ignace^  Mich,** 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 

S 

9 
1 

Tr. 

1 

CO 

S 

1 

a 
ta 

17 
9.2 
9..') 

10 
6.2 

12 

U 
8.4 
9.5 

ao 

11 
10 

t 

i 

1 

ii 
ii 

4.9 
4.4 

3.4 
4.7 
3.2 
5.4 
5.0 
4.7 
5.4 
6.6 
4.2 

e 
o 

L 

a" 
|_ 

5.9 
6.6 
2.4 
1.6 
1.6 
3.4 
Tr. 
.0 
2.6 
4.5 
3.5 

1 

f 

109 
103 
117 
104 
110 
113 
111 
112 
115 
116 
120 

« 

si 

3 

CO 

6.6 
6.5 
6.4 

a2 

6.2 
7.6 
7.9 
9.5 

7.8 
7.7 
7.4 

9 
O 

•5  . 

id 

0.20 
.30 
.35 
Tr. 
.4 
.35 
.4 
.3 
.25 
.55 
.4 

0.3 

0.3 

1 

2.6 
2.6 
2.9 
2.6 
2.8 
2.8 
2.6 
2.4 
2,5 
3.0 
3.2 

2.7 

2.3 

o 

> 

o    . 

SS 

1 

126 
115 
120 
108 
110 
120 
117 
115 
121 
120 
123 

i 

Sept.  20 

0.02 
.02 
.05 
.06 
.04 
.03 
.03 
.04 
.03 
.04 
.04 

27 
26 
28 
25 
26 
20 
2.'i 
26 
27 
26 
28 

7.7 
7.4 
8.8 
7.1 
8.1 
8.4 
7.9 
8.1 
8.7 
8.4 
9.4 

581.06 

Oct.  20 

580.86 

Nov.  20 

Dec.  20 

580.72 
580.62 

Jan.  20         ... 

580.67 

Feb.  19 

580.04 

Mar.  20 

580.67 

Apr.  21 

580.83 

May  20..   .      

581.07 

June  20 

581.42 

Aug.  20 

581.51 

Tr. 

Tr. 

Mean 

IVrct.  of  anhy- 
drous residue.. 

.04 

«.o 

26 
22.2 

8.2 
7.0 

4.7 

4.0 

2.9 
49. 6 

112 

7.2 
6.1 

118 

■'   'i 

a  Analyses  by  H.  B.  Dole  and  M.  O.  Roberts. 

b  Gaging  station  at  Mackinaw,  Mich.,  5  miles  away. 

cFe»0». 
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SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Minnesota  River  at  Shakopee,  Minn  a 
(Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 

00 

1 

•5  . 

1 

i 

t 

1 

1 

20 

0 

u 

1 

1 
1. 

if 

r 

« 

9 
0 
•0 

ooo 

r 

00 

0 

r 

5 

0 

•0 
9 

> 

1 

From— 

To- 

SI 
3 

i" 

Sept  24 

Oct.     4 

110 

124 

1.13 

28 

ao5 

68 

33 

ao 

270 

123 

1.8 

as 

419 

6.6 

Oct.     6 

Oct.    18 

76 

83 

1.11 

28 

Tr. 

77 

40 

21 

-9.6 

317 

126 

1.8 

42 

460 

46 

Oct.   19 

Oct.   30 

60 

61 

1.02 

24 

.10 

82 

33 

.0 

331 

134 

1.3 

as 

477 

46 

Oct.   31 

Nov.  10 

80 

110 

1.38 

29 

Tr. 

84 

38 

27 

.0 

287 

184 

1.6 

a5 

636 

6.4 

Nov.  12 

Nov.  22 

70 

74 

1.06 

29 

.05 

86 

37 

25 

.0 

329 

'   171 

.9 

4.1 

633 

L7 

Nov.  23 

Dec.     4 

70 

76 

1.08 

20 

.On 

97 

39 

32 

.0  >  366 

182 

.9 

45 

680 

47 

Dec.     6 

Jan.     1 

20 

20 

1.00 

24 

Tr. 

116 

33 

.  0  <  444 

215 

2.6 

7.5 

606 

46 

Jan.     2 

Jan.    12 

10 

ao 

.80 

22 

.05 

U.Q 

58 

.0  1  459 

206 

1.4 

S.7 

688     a4 

Jan.    14 

Jan.    24 

10  '      4.0 

.40 

2ri 

Tr. 

121 

65 

30 

.0' 

205 

1.4 

11 

692  '  a2 

Jan.   25 

Feb.    6 
Feb.  21 
Mar.    5 

5 
10 
10 

24 
28 
16 

Tr. 
Tr. 
Tr. 

l»i 
102 
^9 

57 

48 
26 

■39" 
22 

.0 
.0 
.0 

489 
415 
201 

211 
177 
94 

1.3 
5.6 
2.8 

io" 

48 

722  '  2.8 

Feb.    7 

609 '  as 

Feb.  22 

12 

1,20 

337     6t0 

Mar.    6 

Mar.  16 

Mar.  29 

10 
275 

18 
19 

.03 
.40 

60 
43 

.    22 
19 

20 
15 

.0 
.0 

222 
154 

118 
66 

2.3 
1.9 

1.4 
2.0 

384     46 

Mar.  19 

422 

1.54 

2^0  1  7.8 

Mar.  30 

Apr.  10 

110     142 

1.29 

13 

.18 

45 

19 

14 

.0     178 

82 

1.8 

.2.0 

288     9.4 

Apr.  11 

Apr.  21 

132 

11 

.15 

60 

25 

23 

.0     212 

107 

1.3 

359     7.6 

Apr.  22 
May     3 
May   15 

Apr.  30 
May   14 
May  25 

60 
30 

22 
14 
16 

Tr. 
.01 
.0.-) 

72 
99 
94 

33 
42 
43 

22 
26 
20 

.0 
.0 
.0 

266 
294 
320 

128 
180 

7.8  , 
Tr    ' 

2.9 

a7 

439     5.7 

."^27     5.3 

30 

203  1  1. 8  ! 

a4    588  ;  49 

May  28 

June    6 

80 

112 

1.40 

20 

.18 

91 

40 

18 

.0 

284 

177  1  1.9  1 

2.6     663     6.3 

June    7 

June  18 

175 

288 

1.64 

26 

.20 

78 

34 

17 

.0 

261 

163  !  1. 6  1 

1.7  ,  482  laS 

June  19 

June  29 

105 

168 

1.50 

30 

.10 

77 

32 

19 

.0 

278 

137 

1.2 

447   lai 

July     1 

July  12 

80 

144 

1.80 

27 

.08 

78 

37 

21 

.0 

310 

140 

a4  1 

a  6     477     8. 7 

July  13 

July  24 

330 

371 

1.12 

28 

.15 

71 

31 

27 

.0 

287 

114 

2.7 

7.4     419    7.2 

July  25 

Aug.    5 

166 

236 

1.52 

27 

.03 

71 

31 

11 

.0 

279 

112 

2.2 

408     6.3 

Aug.    7 

Aug.  17 

156 

180 

1.16 

30 

.05 

82 

37 

27 

.0 

334 

133 

1.5 

6.8     481     as 

Aug.  19 

Aug.  29 

240 

266 

1.08 

25 

.04 

66 

30 

21 

.0 

271 

106 

L6 

5.0   408   as 

Aug.  30 

Sept.    9 
Sept.  20 

140 

.05 
.04 

66 

77 

29 
32 

15 
19 

.0 

«ao 

236 
272 

126 
112 

i:I 

1.9  *  397     4  2 

Sept.  10 

140 

113 

.81 

32 

8.  2  '  437  '  a  0 

Sept.  21  1  Oct.     1 

165     141 

.85 

23 

.6 

58, 

19 

.0 

200 

94 

L6  ! 

ao  i  312  I  40 

Mean.. 
Perct. 

97      142 

1.18 

23 

.09 

82 

35 

23 

.0 

296 

144 

2L0 

47  '  480 

of  anhy- 

drous 

residue.. 

6.0 

d.O 

17.9 

7.6 

5.0  31.7 

31.4 

.4 

1.0  ' 

a  Analyses  September  24.  1906,  to  February  6,  1907,  by  W.  M.  Barr;  February  7  to  March  5,  1907.  by 
H.  S.  Spaulding;  March  6  to  September  9. 1907.  by  Walton  Van  Winkle;  September  10  to  October  1, 1907, 
by  R.  B.  Dole.  Chase  Palmer,  and  W.  D.  Collins. 

b  Gaging  station  at  Mankato.  Minn.,  60  miles  above. 

c  Abnormal:  computed  as  HCOa  in  the  average. 

<iFeiO|. 
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Mineral  analyses  of  water  from  Mississippi  River  at  Minneapolis^  Minn.^ 
{Parts  per  million,  unless  otherwise  stated.] 


Sept  10 
Sept  20 
Oct  1 
Oct  11 
Oct.  22 
Nov.  1 
Nov.  11 
Nov.  22 
Dec.  2 
Dee.  13 
Dec.  25 
Jan.  5 
Jan.  16 
Jan.  27 
Feb.  7 
Fel).  17 
Feb.  27 
Kar.  9 
Mar.  19 
Kar.  :^0 
Apr.  9 
Apr.  20 
Apr.  30 
Kay  14 
May  24 
June  3 
June  14 
June  24 
July  4 
JuJy  14 
July  24 
Aug.  3 
Aug.  13 
Aug.  23 
Sept.    2 


Sept  19  I 
Sept  30  I 
Oct.  10 
Oct  21 
Oct  31 
Nov.  10 
Nov.  21 
Dec.  1 
Dec.  12 
Dec.  24 
Jan.  4 
Jan.  15 
Jan.  26 
Feb.  6 
Feb.  16 
Feb.  26 
Mar.  8 
Mar.  18  , 
Mar.  28 
Apr.  8 
Apr.  19 
Apr.  29 
May  13 
May  2:1 
June  2 
June  13 
June  23 
July  3  , 
July  13  , 
July  23  j 
Aug.  2  I 
Aug.  12 
Aug.  22 
Sept  1 
Sept  11 


Mean 

Per  rt.  of  anhy- 
drous residue . 


25 

19 

a  76 

10 

:« 

a30 

15 

29 

1.93 

10 

13 

1.30 

10 

7.4 

.74 

15 

13 

.87 

10 

10 

1.00 

5 

6.0 

1.20 

10 

6.4 

.64 

5 

Tr. 

5 

Tr. 

5 

Tr. 

10 

2.4 

.24 

5 

Tr. 

5 

Tr. 

5 

4.0 

.80 

5 

2.4 

.48 

10 

15 

29 

1.93 

30 

30 

1.00 

10 

Tr. 

5 

Tr. 

5 

Tr. 

7 

5 

Tr. 

8 

5 

Tr. 

?0 

20 

24 

1.20 

5 

Tr. 

10 

5 

Tr. 



10 

7.6 

.76 

5 

Tr. 

6 

Tr. 

33 

30 

19 

22 

21 
I  13 
I  12 

12 

13 

16 

17 

15 

I  16 

13 

16 
I  17 

11 
,  12 

;  9.0 
9.0 

12 

15 

12 

14 

112 

18 
20 

a6 
I   5.2 

I  13 
17 
19 
15 


a  10 
.10 
.10 
.05 
Tr. 
Tr. 
.05 
.08 


13 

40  15 
38    .... 

41  16 

42  ,  15 
38  I  16 

43  16 
46     15 


.10 

46 

16 

.06 

47 

17 

Tr. 

47 

Tr. 

41 

14 

.») 

46 

16 

.10 

45 

18 

.10 

16 

.W 

46 

14 

.05 

43 
46 

16 

.05 

15 

14 

15 

10 
9.2 

11 

11 
9.9 
7.6 
9.8 

13 
7.5 

11 
&2 

12 

16 

17 
9.8 
9.6 
6.5 
7.3 
&0 
7.0 


I 


I 


I 


so 

f 


I 

ao 
.0 
.0 
.0 
.0 
.0 
.0  ' 

.0  215 

.0  218 

.0  214 

.0  208 

.0  ,  222 


O 

900 


8.2 
20 
14 
25 
27 
18 
20 
25 
23 
28 
20 


O 

r 


15         .07       40 
7.8    f.l    2a  8 


188 


18 


12 
24 
23 
15 
9.2 
17 
20 
20 
20 
18 
22 
19 
23 
16 
15 

ao 

14 
14 
13 

10 
14 


as 

.9 

5.2 

.4 

.3 

Tr. 

.7 

.9 

1.8 

.9 

.9 

1.3 

1.1 

1.6 

2.0 

7.0 

4.6 

2.9 

1.9 

1.2 

1.1 

Tr. 

1.9 

.6 

.8 

1.2 

1.3 

1.1 

1.6 

.6 

1.1 

T. 

.4 

.4 

Tr. 


18        1. 4 
9.3      .7 


.2 


233  4.0 

221  2.6 

206  1.3 

198  1.0 


175     1. 4 


.6 


200    .... 


o  Analyses  September  10.  1906.  to  February  16,  1907,  by  W.  M.  Barr;  February  17  to  26, 1907,  by  H.  S. 
paulding: ''  ■  "     '      "      •-   —^      .«,..,,      „,.  ,. 

b  Gaging 
cFesOs. 


Spaulding:  February  27  to  .September  11, 1907,  by  Walton  Van  Winkle. 
b  Gaging  station  at  Anoka,  Minn.,  20  miles  above. 
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76  SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 

Mineral  analyses  of  water  from  Mississippi  River  at  Memphis,  Tenn.^ 
[Parts  per  million,  unless  otherwise  stated.] 


aAnalyses  January  10  to  May  10, 1907,  by  Jas.  R.  Evans;  Mav  11  to  September  8, 1907,  by  Walton  Van 
Winkle:  September  9, 1907.  to  January  1, 1908,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  CoUlns. 
ft  Abnormal;  computed  as  HCOg  in  the  average. 
c  FetOi. 
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Mineral  analyses  of  water  from  Mississippi  River  at  New  OrleanSy  La, « 
(Parts  per  mflUon,  unless  otherwise  stated.] 


X>ate 

:i906-6). 


lean t  H 

•»  ct,  of  anhy- 
drous residue..     7. 1 


bC 

. 

^ 

8 

B 

n 

1 

« 

29 

7.5 

28 

6.7 

32 

7.9 

30 

7.1 

33 

7.7 

31 

7.1 

33 

7.3 

34 

8.1 

35 

8.9 

35 

9.0 

34 

8.5 

33 

8.1 

32 

7.7 

33 

8.5 

32 

7.8 

32 

8.0 

32 

8.2 

33 

8.7 

33 

9.0 

32 

8.8 

34 

9.1 

39 

10 

33 

8.9 

30 

6.8 

33 

8.7 

39 

11 

42 

12 

34 

10 

32 

9.0 

35 

10 

33 

9.5 

39 

12 

42 

12 

33 

9.1 

29 

7.6 

31 

7.8 

31 

8.0 

32 

8.0 

28 

a7 

29 

7.0 

28 

&8 

27 

&6 

28 

7.0 

30 

8.1 

35 

10 

35 

10 

30 

8.0 

31 

8.0 

30 

7.8 

29 

7.2 

27 

7.0 

29 

7.2 

32 

8.4 

20.6 

5.4 

si 

1^ 


12 

13 

14 

19 

19 

14 

12 

14 

14 

15 

18 

18 

15 

21. 

16 

19 

14 

17 

21 

16 

15 

21 

17 

13 

14 

15 

15 

14 

11 

12 

13 

16 

16 

11 

11 

11 
9.4 

11 
8.3 
8.5 
7.8 
7.8 
8.4 
9.7 

11 

10 
9.6 
9.4 
9.5 
7.9 
8.3 


1. 

sd 

r 


'r 


1^ 

I- 

go 


98 
100 
100 
103 

no 

105 
115 
122 
125 
125 
116 

no 

108 
116 
111 
115 
115 
122 
120 
118 
126 
132 
117 
106 
118 
140 
151 
123 
115 
117 
126 
142 
145 
115 
94 
98 
100 
102 
92 
91 
91 
85 
91 
105 
125 

no 

96 
98 
98 
91 
92 
92 


3 

CO 


22 
23 
27 
23 
25 
24 
23 
24 
25 
30 
36 
35 
28 
36 
29 
27 
24 
26 
29 
26 
24 
30 
27 
18 
20 
23 
25 
22 
21 
23 
25 
24 
29 
22 
20 
20 
18 
23 
19 
18 
17 
18 
18 
18 
21 
26 
22 
21 
20 
18 
17 
20 

24 

15.4 


S 


1 


S 


9.2 

11 

10 

11 
8.3 
7.6 
7.3 
9.8 
9.4 
9.9 
7.7 

12 
7.6 

10 

10 

11 
8.0 

13 

17 

10 

10 

18 

12 
7.8 
8.8 

II 

11 

11 
9.4 

11 

15 
14 

9.5 
11 
11 

8.2 
11 

a5 

8.2 
6.3 
6.8 
7.0 
8.0 
10 
8.7 
8.4 
7.3 
9.0 
6.3 
4.8 

ai 


9.7 
6.2 


169  I  17 


166 


10.6 
10.0 
11.9 
12.3 
13.2 
13.9 
13.7 
12.3 
10.9 

ia7 

11.6 
11.9 
11.4 
11.2 
10.3 
9.1 
7.4 
7.4 
7.3 
4.8 
3.2 
4.8 
7.6 
5.4 
2.8 
1.9 
3.5 
5.2 
6.1 
4.7 
3.5 
2.8 
5.7 
8.4 
7.6 
8.0 
8.9 

ia5 

10.7 
11.4 
12.6 
12.4 
10.3 
7.3 
7.1 
9.8 
11.6 
8.0 
12.6 
13.4 
14.2 
16.5 


o  Analyses  by  J.  S.  Porter,  chemist,  Now  Orleans  water  and  sewerage  board. 

b  Gaging  station  at  Carrollton,  La.,  6  miles  above. 

«FeiO,+Al|0|. 
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SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Missouri  River  near  Florence^  Nehr.f^ 
[Parts  i)er  million,  unless  otherwise  stated.] 


Date 
(1906-7.) 


Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Nov. 

Dec. 

Dec. 

Dec. 

Jan. 

Jan. 

Jan. 

Feb. 

Feb. 

Feb. 

Mar. 

Mar. 

Apr. 

Apr. 

Apr. 

May 

May 

May 

June 

June 

June 

July 

July 

July 

Aug. 

Aug. 

Aug. 

Sept. 

Sept. 

Sept. 

Oct. 


Oct.  10 
Oct.  20 
Oct.  31 
Nov.  10 
Nov.  20 
Nov.  30 
Dec.  13 
Dec.  23 
Jan.  3 
Jan.  13 
Jan.  26 
Feb.  6 
Feb.  16 
Feb.  27 
28  ;  Mar.  12 
14  I  Mar.  23 
24  Apr.  2 
3  Apr.  12 
14     Apr.  23 


May     4 
May   14 

May  24 
June  3 
June  13 
June  24 
July  4 
July  14 
July  24 
Aug.  3 
Aug.  13 
14  i  Aug.  23 
24  Sept.  3 
4  ,  Sept.  13 
14  Sept.  23 
24  Oct.  3 
4     Oct.    14 


Mean 
Per  ct.  of  anhy- 
drous residue. 


2 


2,400 

1,080 

880 

470 

625 

350 

325 

80 

90 

120 

230 

40 

110 

1,400 

750 

2,700 

2,700 

3,330 

3,600 

3,800 

3,100 

1,460 

7,200 

4,000 

2,S00 

3,200 

4,000 

3,600 

,600 

2,000 

,000 

900 

1,200 

,000 

900 

1,000 


s 

6 

0 

(Q 

6 

O    . 

'•J 

© 

a  S 

O 

^ 

©  a 

CO 

a> 

9. 

(>M 

t 

S 

f, 

1 

m 

l_ 

03 

2,776 

1.16 

30 

0.20 

911 

.84 

*? 

.a5 

1,303 

1.48 

44 

.6 

1,495 

1.02 

36 

.5 

730 

1.17 

'£! 

.5 

460 

1.32 

29 

.20 

352 

1.08 

24 

.18 

80 

1.00 

25 

.10  1 

80 

.89 

23 

.a5  ! 

140 

1.17 

23 

.05 

220 

.96 

28 

.10  1 

,      es 

1.70 

34 

Tr.  I 

83 

2,691 

1,520 

2,854 

2,968 

3,511 

4,071 

4,026 

2,514 

1,624 

7,726 

.5,900 

4,286 

3, 203 

5,554 

2,977 

•,816 

1, 

1,180 

,580 

968 

847 

812 

797 


a  Analyses  October  1, 1906,  to  February  6, 1907,  by  W.  M.  Barr;  February  17  to  27,  1907,  by  H.  S.  Spauld- 
ing:  February  2«  to  September  13, 1907,  by  Walton  Van  Winkle;  September  14  to  October  14, 1907,  by  R.  B. 


Dole,  Chase  Palmer,  and  W.  D.  Cx)lllns. 
ft  Gaging  station  near  Omaha,  Nebr.,  5  miles  ))«low. 
c  Abnormal;  computed  as  UCO3  in  the  average. 
<«Fe|0|. 
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Mineral  analyses  of  water  from  Missouri  River  near  Kansas  Cxtyy  Kans.^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date. 
(1906-7.) 

1 

1 

1 
■s  . 

li 

1 

. 

O 
60 

7 

11 

1: 

.i. 

1. 

it 

% 

3 

f 

1 

1 
h 

•OS 

8 

3 

& 

419 

1. 

From— 

To- 

O 

OQ 

1 

t 

i 

si 

II 

1 

Oct.     4 

Oct.    13 

2,500 

2,231 

0.89 

31    0.30 

49 

0.0 

198 

138 

2.2 

13 

8.5 

Oct.    14 

Oct.    23 

900 

942 

1.05 

26 

Tr. 

69   21 

40 

.0 

215 

154 

.4 

13 

438 

7.2 

Oct.    24 

Nov.    2 

1,230 

1,680 

1:36  ,  33 

.5 

64 

21 

.0 

217     128 

2.2 

16 

426 

8.7 

Nov.    3 

Nov.  12 

1,500 

1,470 

.98  ,  31 

.40 

69 

22 

"49 

.0     219     150 

2.2 

13 

447 

0.0 

Nov.  13 

Nov.  22 

870 

840 

.97     38 

.40 

75 

24 

50 

.0  '  236 

164 

.9 

13 

486 

8.6 

Nov.  23 

Dec.     2 

475 

677 

1.21  ,  30 

.20 

77 

22 

63 

.0  :  270 

158 

.4 

15 

495 

7.6 

Dec.     3 

Dec.   12 

500 

547 

1.09     38 

.40 

n 

21 

.0     275 

146 

1.8 

17 

610 

7.0 

Dec.   13 

Dec.  22 

300 

319 

1.06;  30 

.40 

85 

27 

"bV 

.0  ]  307 

175 

.9 

20 

625 

4.5 

Dec.   23 

Jan.     2 

190 

222     1.17  '  41 

.12 

91 

29 

5.5 

.0     334    

1.3 

22 

680 

4.6 

Jan.     3 

Jan.    12 

350 

374     1.07     39 

.40 

78 

26 

49 

.0     265  ,  158 

2.6 

18 

603 

7.4 

Jan.    13     Jan.    22 

270 

247       .91  1  35 

.35 

79 

23 

52 

.0     265 

159 

3.1 

18 

493 

6.3 

Jan.    23     Feb.    2 

140 

96       .69     41 

.08 

90 

30 

55 

.0  1  326 

176 

2.2 

23 

579 

5.1 

Feb.     3     Feb.  12 

35 

24       .68  '  43 

.20 

84 

28 

68 

.0     328 

167 

2.2 

24 

690 

5.2 

Feb.  13 

Feb.  22 
Mar.    5 

1,020 
1,400 

1,316     1.29 

70 
74 

2.8 
.20 

61 
66 

22 
17 

5J 

.0 
.0 

4.4 

1.7 

16 
8.5 

464     10.2 

Feb.  23 

1,730 

1.24 

156*  ."'.]! 

414 

13.5 

Mar.    6    Mar.  15 

1,500 

1,896 

1.26 

41 

1.4 

62 

15 

37 

.0  I  164  1  122 

3.4 

9.6 

392 

12.0 

Mar.  16     Mar.  25 

3,450 

2,867 
2,619 

.83 

65 

2.1 

39 

.0     164  1  123 

10 

11 

436 

13.6 

Mar.  26     Apr.     4 

1.22 

5.') 

2.1 

io" 

41 

.0     157! !  2.5 

6.3 

362 

12.7 

Apr.    6     Apr.  14 

2,800 

2,826 

1.01 

62 

2.4 

"53' 

15 

42 

.0 

168  1  137     2.2 

8.7 

440 

13.1 

Apr.  15  1  Apr.  24 

3,600 

3,496 

.97 

41 

.5 

68 

11 

55 

.0 

162     179     3.0 

9.5 

462 

13.2 

Apr.  25     May     4 
May     5  ,  May   14 

3,800 

3,938 

1.04 

89 

1.8 

20 

60 

.0 

171     Tr. 

11 

649     12.0 

2'SS2 

2,350 

.84 

47 

3.2 

16 

4K 

.0 

160     176     5.3 

11 

478  ;  11.3 

May   15     May  24 

1,200 

1,952 

1.62 

49 

1.2 

"58" 

43 

.0 

176    3.6 

12 

394 

10.1 

May   25     June    3 

3,850 

4,204 

1.10 

43 

1.1 

17 

46 

.0 

171  1  170     3.9 

14 

460 

13.0 

June    4    June  13 

5,350 

6,611 

1.24     20 

1.0 

'53' 

14 

52 

.0 

161  1  168  1     .7 

8.6 

424 

17.7 

June  14     June  23 

3,200 

4,719 

1.48     26 

.10 

56 

14 

56 

.0 

157  ;  168  1  2.6 

8.4 

418 

17.8 

June  24     July     4 

4,000 

3,982 

1.00  ,  25 

1.2 

57 

45 

.0 

178  1  131     3.5 

8.8 

406 

18.6 

July     5  '  July   14 

4,400 

4,676 

1.06 

22 

.05 

53    10 

46 

.0 

159 

143     3.7 

8.3 

383 

19.8 

July   15    July  24 

3,600 

3,147 

.87 

24 

.48 

47  '13 

38 

.0 

157 

103     4.1 

6.7 

316 

22.6 

July   25     Aug.    3 

2,000 

3,458 

1.73 

15 

Tr. 

46  !.... 

37 

.0 

183 

101      3. 4 

6.0 

323 

19.1 

Aug.     4  ,  Aug.  13 

2,700 

3,013 

1. 12     22 

.30 

44    12 

29 

.0 

99     3.0 

5.6 

295 

16.5 

Aug.  14  ,  Aug.  23 

2,400 

2,651 

1.12     21 

.28 

44  114 



.0 

'i36* 

95       .9 

7.0 

291 

13.8 

Aug.  24     Sept.    2  ;  2,000 

1,677 

.84 

18 

.05 

45    14 

.0 

152 

92     1.3 

...... 

293 

11.1 

Sept.    3     Sept.  12 

1,700 

1,376 

.81 

20 

.03 

45  ,12 

■31" 

.0 

155       87 

1.6 

307 

9.9 

Sept.  13     Sept.  22 

1,200 

878 

.73 

27 

.33 

63    10 

38 

.0 

171  ;  105 

1.8 

13 

337 

a6 

Sept.  23  i  Oct.     2 

1,075 

791 

.74 

27 

.26 

53    12 

36 

.0 

167 

106 

1.6 

13 

339 

as 

Oct.      4 

Oct.    13 

1.100 

792 

.72 

26   1,0 

63    11 

43 

cTr. 

171 

110 

1.5 

17 

349 

8.6 

Oct.    14 

Oct.   2i  '  1,000 

668 

.67  '  28  1  .28 

56     9.8 

45 

cTr. 

180 

120 

1.3 

16 

389 

7.6 

Mean..' 

1,909 

2,032 

1  1.04     37     .73 

62    18 

44 

.0  1  202  ,  136 

2.2 

13 

426 

Per  ct.  of  anhy- 

1           '        ' 

drous  residue . . 

9.0  d.2 

t 

15.0     4.4 

10.7 

24.2 

32.8 

.5 

3.2 

1 

a  Analyses  October  4, 1906,  to  February  12, 1907,  by  W.  M.  Barr;  February  13  to  22, 1907,  by  H.  S.  Spauld- 
ing;  February  23  to  September  12,  1907,  by  Walton  Van  Winkle;  September  13  to  October  21,  1907,  by 
R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 

b  Sampling  station  above  the  entrance  of  Kansas  River;  gaging  station  below  thai  stream. 

e  Abnormal;  computed  as  UCOa  in  the  average. 

4  FeK>i. 
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SUBFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  liissowri  River  near  Ruegg^  Mo.^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(190ft-7). 


From — 


Sept.  27 
Oct.  8 
Oct.  19 
Oct.  29 
Nov.  8 
Nov.  18 
Nov.  29 
Dec.  10 
Dec.  21 
Jan.  1 
Jan.  11 
Jan.  21 
Jan.  31 
Feb.  10 
Feb.  20 
Mar.  2 
Mar.  12 
Mar.  23 
Apr.  3 
Apr.  13 
Apr.  23 

Blay    4 

May  14 
May  24 
June  6 
June  16 
June  26 
July  6 
July  17 
July  27 
Aug.  7 
Aug.  18 
Aug.  28 
Sept.  7 
Sept  17 
Sept  27 


To- 


Oct.  7 
Oct.  17 
Oct.  28 
Nov.  7 
Nov.  17 
Nov.  27 
Dec.  9 
Dec.  20 
Dec.  31 
Jan.  10 
Jan.  20 
Jan.  30 
Feb.  9 
Feb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Apr.  2 
Apr.  12 
Apr.  22 
May  3 
May  13 
May  23 
Juno  4 
June  15 
Jime  25 
July  5 
July  16 
July  26 
Aug.  6 
Aug.  17 
Aug.  27 
Sept.  6 
Sept  16 
Sept  26 
Oct.     6 


Mean. 
Per  ct.  of  anhy- 
drous residue.. 


^ 
5 
2 


1,800 

1,900 

930 

1,150 

1,650 

780 

600 

425 

300 

375 

550 

1,400 

350 

400 

1,400 

1,000 

2,000 

1,970 

2,600 

4,000 

3,200 

2,300| 

1,500 

2,800 

4,800, 

4,2501 

3,0001 

3,600 

4,000l 

3,300 

3,900 

2,600 

1,000 

1,280 

1,000 

900 


1,931 


1,784 

1,461 

972 

1,210 

1,208 

885 

627 

464 

327 

296 

427 

1,666 

326 

436 

1,894 

1,625 

2,016 

2,435 

2,389 

3,249 

3,070 

2,320 

2,270 

2,36Q 

6,332 

1,251 

4,002 

3,937 

4,429 

2,460 

3,346 

2,500 

1,321 

1,050 

994 


0.99 

.77 

1.04 

1.05 

.73 

1.14 

1.06 

1.09 

1.09 

.79 

.78 

1.12 

.931 

1.09J 

1.35 

1.62 

1.01 

1.24 

.92 

.811 

.96 

l.Oll 

1.52} 

.84 

1.33 

.29 

1.11 

1.10 

1.12 

.74 

.86 

.96 

1.32 

.82 

.99 

.99 


1.02 


29 
8.5 


Tr. 
0.20 
.10 
.20 
.25 
.20 
.6 
.30 
.30 
.40 
.80 


1.4 
.45 
.45 
.22 

1.7 
.7 

1.8 

1.0 

1.6 

1.6 

1.2 
.20 
.20 
.10 
.40 


.25 
.19 
.10 
.01 
.14 
.06 
.19 
.06 


.51 
d.2 


12 
13 
19 
22 
22 
19 
29 
24 
26 
24 
19 
31  11 
40  14 
67  20 
581  16 
48  15 
50  11 
42,  13 
so;  14 


15 
16 
15 
10 
14 
15 

a4 

8.6 


52 

55 

54 

45 

49  12 

43 

40 


52 
16w3 


16 
4.7 


66 


63 
42 
31 
35 
40 
36 
31 
28 
21 
31 

^i 
32 

27 

39 

34 

45 

38 

28 

18 


37 


36 

ia6 


0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
,0 
.0 
.0 
.0 
.0 
.0 
C4.8 
C4.8 
C9.6 


.0 


25 


¥ 


134 
196 
232 
226 


227 
246 

288 


127 


184 
150 
164 


149 
173 
161 
144 
130 
185 
160 
161 
149 
159 
176 
144 
141 
141 
163 
156 
167 
173 


178 


82 


134 
126 
133 
126 
104 
103 
114 
100 
92 


128 
97 
94 
88 
112 
96 
126 
146 
102 
68 
98 
142 
135 
96 


104 
30.6 


B   =92' 


a  Analyses  September  27, 1906,  to  February  19, 1907,  by  W.M.Barr;  February  20  to  March  1,  1907,  by 
H.  S.  Spaulding;  March  2  to  September  6, 1907,  by  Walton  Van  Winkle;  September  7  to  September  16, 
1907,  by  R.  BTDole,  Chase  Palmer,  and  W.  D.  Collins. 

5  Gaging  station  at  Hermann,  Mo.,  70  miles  above. 

c  Abnormal;  computed  as  HCOs  in  the  average. 

dFetO^ 
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Mineral  €malyse$  ofv)aterfrom  Monangahela  River  at  Elizabeth,  Pa.** 
[Parts  per  million,  unless  otherwise  stated.) 


Date 
(IWft-?). 

1 

1 

QO 

J 
jl 

i 

1 

1 

1 

i 

i 

1 

i 

in 

¥ 

1 

Jl 

0 

1 
1 

1 

From — 

To- 

1 

Aug.  26 

Sept    3 

42 

60 

1.19 

2.7 

13 

1.0 

12 

2.2 

9.6 

ao 

23 

34 

0.7 

2.8 

94 

8.60 

Sept.    4 

Sept  13 

34 

26 

.76 

2.0 

7.4 

.6 

15 

2.4 

9.4 

.0 

22 

45 

.6 

3.6 

97 

7.02 

Sept  14 

Sept  23 

9 

16 

1.78 

.1 

7.2 

Tr. 

16 

4.0 

11 

.0 

8.7 

61 

1.2 

4.7 

118 

7.36 

Sept.  24 

Oc^.     3 

10 

9 

.90 

1.1 

6.2 

.4 

16 

4.2 

12 

.0 

4.8 

64 

.6 

4.8 

121 

7.76 

Oct.     4 

Oct.   13 

18 

26 

1.39 

3.1 

4.8 

1.1 

12 

2.8 

6.2 

.0 

16 

40 

.5 

3.8 

94 

8.18 

Oct.    14 

Oct.   23 

29 

26 

.86 

3.4 

9.6 

.9 

12 

2.0 

6.3 

.0 

17 

32 

1.5 

3.4 

83 

9.06 

Oct.   24 

Nov.    2 

31 

34 

1.10 

2.3 

7.4 

.9 

10 

3.0 

6.3 

.0 

21 

28 

1.2 

3.0 

74 

7.91 

Nov.    3 

Nov.  12 

42 

27 

.64 

3.3 

5.4 

.7 

13 

2.6 

7.2 

.0 

12 

40 

1.8 

3.4 

82 

7.06 

Nov.  13 

Nov.  22 

86 

94 

1.10 

6.3 

6.2 

.4 

15 

2.8 

7.9 

.0 

9.8 

42 

1.6 

4.1 

90 

7.4S 

Nov.  23 

Dec.     2 

76 

64 

.72 

3,0 

7.6 

.8 

10 

1.4 

5.8 

.0 

20 

21 

2.6 

2.6 

66 

8.37 

Dec.    3 

Dec.  12 

60 

81 

1.35 

3.7 

5.6 

.6 

10 

3.6 

6.0 

.0 

15 

28 

1.0 

3.5 

69 

11.02 

Dec.  13 

Dec.  21 

183 

5.6 

6.2 

.56 

ao 

2.4 

4.6 

.0 

15 

19 

1.5 

1.9 

66 

14.56 

Dec.  22 

Jan.     2 

'47 

64 

i.is 

2.6 

5.6 

.26 

10 

3.0 

5.4 

.0 

16 

27 

1.6 

2.9 

63 

12.40 

Jan.     3 

Jan.   12 

80 

93 

1.16 

3.5 

4.4 

.6 

9.8 

3.0 

4.6 

.0 

15 

24 

1.6 

2.4 

64 

13.26 

Jan.    13 

Jan.   22 

360 

362 

1.03 

17 

a2 

.7 

8.0 

4.9 

.0 

22 

18 

2.6 

3.4 

77 

24.90 

Jan.   23 

Feb.    1 

21 

24 

1.14 

1.8 

6.0 

.07 

12 

"3.6 

6.5 

.0 

9.8 

44 

1.7 

2.4 

80 

9.14 

Feb.    2 

Feb.  11 

no 

106 

.96 

6.1 

5.4 

.19 

11 

.6 

&5 

.0 

12 

32 

2.5 

1.7 

64 

12.44 

Feb.  12 

Feb.  21 

27 

39 

1.46 

2.8 

5.8 

.12 

13 

2.0 

6.5 

.0 

17 

37 

2.1 

2.9 

73 

10.18 

Feb.  22 

Mar.    3 

28 

36 

1.26 

2.3 

6.6 

.25 

10 

1.4 

5.5 

.0 

16 

32 

2.1 

2.9 

66 

10.42 

Mar.     4 

Mar.  13 

190 

123 

.66 

4.4 

6.0 

.26 

9.6 

.4 

6.2 

.0 

18 

22 

1.9 

1.7 

54 

13.12 

Mar.  14 

Mar.  24 

360 

362 

1.03 

7.6 

18 

1.0 

11 

.6 

8.6 

.0 

19 

26 

2.0 

2.9 

83 

20.00 

Mar.  25 

Apr.    3 

60 

47 

.94 

2.5 

6.4 

.1 

14 

8.2 

6.6 

.0 

16 

44 

Tr. 

2.6 

85 

8.22 

Apr.     4 

Apr.  13 

12 

28 

2.33 

1.0 

7.8 

.06 

18 

3.0 

12 

.0 

11 

65 

2.5 

4.2 

119 

7.28 

Apr.  14 

Apr.  23 
May    3 

46 

fil 

1.36 

2.8 

8.8 

.46 

11 

1.8 

6.3 

.0 

16 

33 

2.8 

3.5 

78 

iao4 

iSp^ 

66 

83 

1.28 

2.6 

8.8 

.9 

8.8 

1.0 

5.5 

.0 

18 

20 

3.0 

2.9 

63 

1L15 

May  13 

46 

66 

1.47 

2.1 

17 

.40 

11 

1.0 

6.8 

.0 

23 

25 

1.8 

3.0 

80 

10.82 

May  14 

May  23 

37 

49 

1.32 

2.5 

18 

.33 

11 

1.0 

9.6 

.0 

23 

27 

1.5 

3.4 

81 

9.43 

May  24 

June    2 

40 

52 

1.30 

2.1 

12 

.95 

13 

1.2 

9.4 

.0 

22 

32 

1.8 

2.9 

87 

8.06 

June    3 

June  12 

46 

61 

1.36 

1.9 

7.4 

.21 

11 

.8 

7.2 

.0 

22 

26 

1.5 

3.9 

70 

11.19 

June  13 

June  22 

180 

140 

.78 

4.0 

11 

.28 

17 

1.8 

8.5 

.0 

50 

24 

3.0 

3.6 

96 

11.50 

June  23 

July     3 

38 

36 

.96 

2.3 

2.2 

.05 

14 

2.4 

5.2 

.0 

20 

37 

Tr. 

3.6 

79 

7.50 

July     4 

July  13 

70 

66 

.93 

3.2 

11 

.28 

12 

2.0 

8.6 

.0 

21 

34 

2.7 

3.8 

90 

9.14 

July  14 

July  23 

286 

280 

.98 

13 

14 

1.4 

8.2 

1.0 

6.6 

.0 

21 

16 

2.8 

2.2 

76 

14;  53 

July  24 

Aug.    1 

206 

168 

.77 

5.3 

9.8 

.46 

11 

1.8 

.0 

22 

2.5 

2.6 

72 

11.23 

Aug.    3 

Aug.  12 

39 

40 

1.02 

2.6 

10 

.28 

18 

2.8 

'*7.'7 

.0 

if 

37 

2.0 

3.4 

86 

7.90 

Aug.  13 

Aug.  22 

70 

76 

1.08 

1.9 

7.0 

.35 

13 

2.8 

9.3 

.0 

13 

38 

8.6 

4.8 

86 

6.86 

Aug.  23 

Sept    2 

90 

41 

.45 

3.6 

8.4 

.6 

12 

2.2 

.0 

32 

28 

1.0 

4.6 

82 

9.40 

Mean.. 

82 

84 

1.11 

3.7 

8.4 

.49 

12 

2.2 

7.3 

.0 

18 

33 

1.8 

3.2 

81 

Perct. 

of  anhy- 

drooa 

residue.. 

ia8 

C.9 

15.6 

2.8 

9.4 

11.5 



42.6 

2.3 

4.2 

•  Analyses  August  25  to  October  23. 1906,  and  from  November  3  to  December  2. 1906,  by  R.  B.  Dole; 
October  24  to  November  2, 1906,  and  from  December  3,  1906,  to  April  3, 1907,  by  R.  B.  Dole  and  M.  O. 
Roberts;  April  4  to  September  2, 1907,  by  Chase  Palmer  and  M.  Q.  Roberts. 

6  Ga^ng  station  at  Lock  No.  4, 10  miles  above. 

cFeaOa. 
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SUBFACE  WATERS  EAST  OF  THE  HUNDBEDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Muskingum  River  at  ZanesvUUf  Ohiofi 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 

£• 

1 

1' 

t 

t 

i 

1 

47 

k 

ie 

27 

1 
1. 

go 

SC3 

"9 

i 

9 
O 

h 

1 

1 

1  P 

i 

O 

00 

II 

Fiom — 

To- 

I 

1 

0.60 

3.5 

1 
15 

0.10 

10 

0.0 

If 

n 

136 

I 

40 

s 

0.2 

e 

60 

i;i 

Sept   3 

Sept.  13 

130 

78 

28l'    8.1 

Sept.  14 

Sept.  23 

100 

26 

.26 

2.9 

23 

.30 

55 

12 

27 

.0 

155 

41 

.9 

71 

314     7.8 

Sept.  24 

Oct.     3 

70 

53 

.76 

2.2 

32 

Tr. 

58 

13 

36 

.c 

154 

52 

.0 

356     8.1 

Oct.     4 

Oct.   13 

85 

62 

.73 

2.9 

15 

Tr. 

55 

11 

46 

.0 

53 

2.1 

339     0.0 

Oct.   14 

Oct.   23 

48 

41 

.85 

2.6 

13 

Tr. 

52 

12 

.0 

132 

51 

1.9 

65 

334     8.8 

Oct.   24 

Nov.    2 

45 

45 

1.00 

1.4 

27 

.06 

53 

11 

33 

5.3 

136 

50 

1.0 

62 

305     8.6 

Nov.    3 

Nov.  13 

24 

17 

.71 

0.7 

14 

.03 

60 

13 

36 

Tr. 

160 

49 

1.0 

77 

326     a2 

Nov.  14 

Nov.  24 

80     58 

.74 

1.8 

12 

.06 

55 

11 

33 

Tr. 

168  50 

1.1 

301'  10.2 

Nov.  25  1  Deo.     4 

32'    30 

.94 

1.4 

11 

.16 

41 

9.fl 

19 

Tr. 

111    43 

3.0 

38 

216     9.5 

Dec.    6  1  Dec.  15 

150   111 

.72 

5.6 

15 

.23 

37 

8.4 

20 

Z.t 

96>  40 

4.5 

207    11.3 

Dec.  16     Dec.  27 

....,    95 

3.9 

10 

.19 

35 

8.4 

14 

.C 

92  38 

3.6 

29 

182    11.4 

Dec.  28 

Jan.     4 

....'    87 

7.2 

7.6 

.14 

32 

6.0 

12 

.C 

86, 

3.8 

28 

169    13.6 

Jan.    10 

Jan.   30 

....    121 

11 

13 

.75 

22 

3.6 

7.1 

.C 

61' 

4.2 

13 

128^  18.6 

Jan.   21 

Mar.    4 

85     71 

.84 

3.2 

11 

.19 

37 

7.6 

12 

4.S 

89 

3.7 

29 

192    11.7 

Mar.    9 

Mar.  31      480,    56 

.12 

18 

.20 

28 

14 

17 

36 

35 

2.1 

19 

160,  17.0 

Apr.    6 

Apr.  20       17:    31 

1.82 

1.7 

9.0 

.  11 

44 

9.8 

22 

.0 

117 

45 

1.5 

36 

225,  10.3 

Apr.  21 
May     1 

Apr.  30     215 

152 

.71 

6.8 

25 

.25 

36 

7.0 

19 

.0 

93 

39 

1.6 

29 

2071  13.5 

May   10 

42 

40 

.95 

1.8 

15 

.23 

38 

8.4 

17 

.0 

102 

40 

1.5 

28 

197   11.1 

May   11 

June    1 

81 

129 

1.59 

2.3 

16 

.09.  26 

8.8 

21 

.0 

76 

42 

.C 

36 

187    11.3 

June    2 

June  18 
July    4 

105 
3 

94 
52 

.90 
17.33 

4.0 
1.0 

12 

.18'  26 
.5  1  30 

7.6 
9.6 

17 
24 

35 
42 

1.5 
.0 

24 
46 

181    11.8 

June  19 

2.4 

70 

188,    8.9 

July    5 

July  20 

110 

100 

.91 

4.0 

12 

.18'  42 

9.2 

19 

.0 

127 

38 

1.2 

38 

2271    9.5 

July  21 

July  31 

260 

225 

.87 

7.7 

10 

.4     28 

5.8 

14 

.0 

83 

26 

.8 

20 

150   12.6 

Aug.    2 

Aug.   11 

62 

28 

.45 

1.1 

11 

.10,  46 

9.0  21 

.0 

130 

36 

.8 

37 

223     8.8 

Aug.  12 

Aug.  21 

2 

11 

5.60 

0.3 

11 

.06  .58 

12 

31 

Tr. 

160 

45 

.4 

65 

296     8.0 

Aug.  22 

.\ug.  31 

48 

43 

.00 

1.4 

7.6 

.13   58 

12 

38 

Tr. 

145 

50 

.5 

328     8,1 

Sept    1 

Sept.  10 

35 

30 

.86 

1.0 

11 

.16  64 

12 

Tr. 

laj 

51 

.4 

373'    7.8 

Mean.. 

96 

70 

L71 

3.2 

14 

.18  43 

1 

9.5 

23 

1.3 

a. 

43 

1.6 

40 

244' 

Per  ct. 

of  anhy- 

1 

drouf 

\  residue. . 

6.0 

6.1  1  18  5 

4.. 

9.9 

2^0 

^  \fL*i 

0.7 

17.2 

«  Analvses  September  3  to  October  23,  1906,  by  R.  B.  Dole;  October  21  to  March  31, 1907,  by  R.  B.  Dde 
and  M.  O.  Roberts;  April  6  to  September  10, 1907,  by  Chase  Palmer  and  M.  Q.  Roberts. 


Digitized  by  GiOOQIC 


ANALYTICAL  RESULTS. 


83 


Mineral  analyaes  of  water  from  Nevae  River  at  Raleigh^  N.  C.o 
[Parts  per  millfon,  unless  otherwise  stated.] 


Date 
(1906-7). 


From — 


Oct.  1 
Oct.  11 
Oct.  21 
Nov.  1 
Nov.  11 
Nov.  21 
Dec.  1 
Dec.  11 
Dec.  21 
Dec.  31 
Jan.  10 
Jan.  20 
Jan.  30 
Feb.  9 
Feb.  19 
Mar.  1 
Mar.  12 
Mar.  22 
Apr.  1 
Apr.  11 
Apr.  22 
May  3 
May  13 
May  23 
June  3 
June  13 
June  23 
July  3 
July  13 
July  24 
Aug.  3 
Aug.  13 
Aug.  23 
Sept  2 
Sept.  12 
Sept.  22 


To- 


Oct.  10 
Oct.  20 
Oct.  30 
Nov.  10 
Nov.  20 
Nov.  30 
Dec.  10 
Dec.  20 
Dec.  30 
Jan.  9 
Jan.  19 
Jan.  29 
Feb.  8 
Feb.  18 
Feb.  28 
Mar.  10 
Mar.  21 
Mar.  31 
Apr.  10 
Apr.  21 
May  2 
May  12 
May  22 
June  1 
June  12 
June  22 
July  2 
July  12 
July  23 
Aug.  1 
Aug.  12 
Aug.  22 
Sept.  1 
Sept.  11 
Sept.  21 
Oct.     1 


Mean 

Per  ct.  of  anhy- 
drous residue. . 


33 


CO 


13 

11 

18 
5.8 
7.6 
5.8 
3.8 

16 

29 
9.0 
6.8 
3.4 

10 

18 

72 

12 

77 

20 

45 

19 

73 

67 

39 

67 

96 
247 
280 

50 

133 

82 
428 

26 

37 
113 

28 

76 


0.93 
.78 
.75 
.58 
.69 
.64 
.34 
.61 
.64 
.53 
.62 
.42 
.67 
.62 


68 


.36 


1.11 

.94 

.70 

.90 

.82 
1.40 
1.08 

.96 

.76 

.86   13 


0.9 

.5 

.8 

.8 

.9 

.5 

.4 

1.4 

2.1 

1.3 

1.0 

.9 

1.3 

1.5 

3.9 

2.1 

2.8 

1.0 

1.8 

1.3 

2.7 

2.4 

1.3 

1.8 

1.8 

7.4 


04 
2.08 
.68 
.79 
.37 
.92 


1. 

1.9 

1.6 

7.0 

Z6 

2.6 


.66   14 
.93  I  3.5 
.63     7.0 


.  79  ,  2. 8  i26 


a4 

.4 

.4 

.4 

.3 

.3 

.3 

.65 
1.8 

.9 

.8 

.6 

.8 
1.4 
1.7 
2.0 
2.6 

.6 
1.3 
1.2 
2.0 
2.1 

.95 

.9 
1.7 
2.0 
3.7 

.9 
1.8 
1.5 
5.2 
Z2 

.66 
3.1 

.8 
2.0 


1.4 


.37.7  C2.9 


5.2 
5.6 
6.0 
7.2 

5.4 
CO 
5.6 
6.4 
6.0 
5.6 
&8 
6.4 
6.2 
5.8 
5.6 
5.0 
4.8 
6.0 
5.8 
6.8 
6.4 
6.0 
6.2 
6.4 
5.4 
&6 
8.2 
6.6 
4.8 
6.4 
3.8 
5.8 
6.8 
4.8 
6.4 
5.4 


3.4 
2.4 


7.1 
7.2 
7.9 
8.2 
7.7 

a2 
ao 
ao 

6.5 
6.8 
7.9 
7.8 
6.3 
6.0 

ao 

7.6 
6.9 
6.8 

a2 
as 
a8 

9.3 
11 


10 

a2 

12 
9.1 

as 

6.3 
&4 
&7 


7.6 
9.4 
7.9 


5.9  ,  1.8  I 
a  6     2.6 


7.9 
11.5 


SO 

go 

r 


ao 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
,0 
.0 
.0 
.0 
.0 
.0 
.0 

62.4 
.0 
.0 
.0 
.0 

64.8 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


J, 

1. 

1 

ffp 

§M 

-9 

s^ 

«i^ 

^ 

^^ 

n 

M 

2.6 

39 

1.0 

44 

1.2 

39 

3.0 

37 

2.8 

40 

2.8 

41 

2.8 

37 

2.1 

32 

2.3 

35 

1.8 

39 

3.5 

40 

2.8 

37 

2.8 

36 

3.1 

23 

4.9 

25 

3.3 

23 

4.6 

28 

2.0 

33 

4.1 

40 

3.6 

32 

4.8 

32 

3.5 

29 

2.8 

35 

3.3 

34 

4.4 

28 

4.3 

50 

3.6 

37 

3.5 

35 

3.3 

37 

3.9 

18 

7.6 

30 

3.8 

38 

4.6 

32 

3.3 

44 

3.6 

34 

3.9 

.0 
2&0 


35 


.5 
.6 
.6 
.5 
.5 


^1 

3 

O 


68 
69 
63 
65 
65 
68 
74 
68 
66 
65 
67 
72 
79 
76 
85 
63 
62 
93 
77 
82 
78 
66 
90 
79 

*7i 
74 
75 

"89 
75 


4.2 
3.8 


I 


81 

84 


73 


a  Analyses  October  1  to  December  10,  1906,  by  R.  B.  Dole:  December  11,  1906,  to  March  31,  1907,  by 
R.  B.  Dole  and  M.  O.  Roberts;  April  1  to  July  2,  1907,  by  Chase  Pahner  and  M.  G.  Roberts;  July  3  to 
October  1, 1907,  by  R.  B.  Dole,  Chase  Pabner.  and  W.  D.  CoUin3. 

b  Abnormal;  computed  as  HCO|  in  the  avera^. 
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SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  (malytes  of  water  from  North  Platte  River  near  North  Platte,  Nebr,^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(ig06-7). 

1 

1 

O 

8 

5 

a  10 

1 

1 

k 

la 

20 

1 

J. 

¥ 

1 
1 

• 

•5 

id 

2w 

2 

c 

1  % 

From— 

To- 

3^1 

5     1 

Sept.  iu 

bept.  19 

120 

91 

0.16 

8.5 

28 

0.0 

161 

64 

Tr. 

5.0 

262     1.9 

Sept.  20 

Oct.     1 

110 

117 

1.06 

63'" 

1.1 

60 

17 

36 

.0 

167 

114 

1.8 

6.7 

286     2.0 

Oct.     2 

Oct.   14 

W 

68 

.75  50 

.10 

40 

11 

20 

.0 

168 

63 

.4 

6.1 

277     1.9 

Oct.    15 

Oct.  24 

86 

71 

.84   42 

.15 

46 

11 

31 

.0 

155 

72 

Tr. 

7.9 

280     2.0 

Oct.   25 

Nov.    3 

290 

275 

.95 

50 

.15 

41 

11 

27 

.0 

155 

62 

1.0 

5.7 

264     2.4 

Nov.    4 

Nov.  13 

240 

154 

.64 

25 

.30 

40 

11 

.0 

169  ;  69 

1.3 

9.2 

292  1  2.4 

Nov.  14 

Nov.  23 

150 

129 

.86 

43 

.40 

60 

12 

35"* 

.0 

189 

91 

.4 

9.0 

327     2.1 

Nov.  24 

Dec.    3 

130 

116 

.89 

44 

.20 

46 

11 

36 

.0 

168 

78 

.4 

6.7 

300     2.2 

Dec.     4 

Dec.  13 

160 

118 

.74 

48 

.35 

50 

16 

37 

.0 

179 

1.3 

8.0 

333    .... 

Dec.  14 

Dec.  23 

140 

115 

.82 

52 

.15 

61 

15 

39 

.0 

205 

162' 

Tr. 

9.2 

372    .... 

Dec.  24 

Jan.     2 

150 

122 

,81 

43 

1.2 

47 

14 

37 

.0 

178 

88 

Tr. 

8.1 

306    .... 

Jan.     3 

Jan.    12 

20 

12 

.60 

35 

Tr. 

52 

14 

37 

.0 

198 

97 

.4 

9.5 

326  1.... 

Jan.    13 

Jan.  22 

20 

14 

.70 

36 

.05 

56 

16 

41 

.0 

212 

102 

.2 

9.4 

359    .... 

Jan.  23 

Feb.    1 

150 

117 

.78 

37 

.12 

64 

14 

39 

.0 

187 

84 

.0 

11 

351  '.... 

Feb.    3 

Feb.  12 

150 

138 

.92 

30 

.12 

46 

9.5 

31 

.0 

162 

76 

.7 

7.3 

272    .... 

Feb.  13 

Feb.  22 

300 

330 

1. 10 

34 

.10 

62 

12 

.0 

146 

41 

2.8 

6.7 

270     ... 

Feb.  23 

Mar.    4 

210 

148 

.70 

45 

.15 

47 

12 

'34'" 

.0 

170 

82 

1.6 

7.0 

309  I... 

Mar.    5 

Mar.  15 

240 

148 

.62 

31 

.08 

62 

14 

36 

.0 

167 

.9 

10 

331    .... 

Mar.  16 

Mar.  25 

165 

119 

.72 

30 

Tr. 

47 

13 

34 

.0 

186 

86" 

.4     9.0 

319  '.... 

Mar.  26 

Apr.    4 

1,840 

1,715 

.93 

56 

.05 

62 

11 

30 

.0 

146   112 

.8'  4.0 

331    .... 

Apr.     5 

Apr.  14 

800 

585 

.73 

52 

.10 

43 

11 

26 

.0 

145 

77 

1.8     6.7 

314     2.5 

Apr.  15 

Apr.  24 
May     4 

675 

436 

.64 

43 

.30 

44 

12 

28 

.0 

145 

84 

.7     7.3 

285     2.4 

Apr.  25 

440 

426 

.97 

41 

.55 

38 

...... 

24 

.0 

135 

67 

.5  ;  4.8 

258     2.5 

May     5 

May  14 

165 

187 

1.13 

38 

.20 

39 

23 

.0 

144 

68 

1. 1  1  6. 6 

264    2.3 

May  15 

May  24 

370 

608 

1.64 

40 

.22 

42 

10 

31 

.0 

156 

63 

1.9  1  4.5 

272     2.4 

May  25 

June    3 

680 

1,036 

1.52 

35 

.40 

41 

7.9 

26 

.0 

146 

59 

1.8     5.3 

260    32 

June    4 

June  13 

350 

697 

2.00 

34 

.48 

38 

9.4 

21 

.0 

137 

58 

5.0     4.7 

246     3.4 

June  14 

June  23 

375 

534 

1.42 

26 

.18 

43 

6.2 

32 

.0 

148 

56 

6. 2     4.  4 

249   as 

June  24  ,  June  30 

290 

381 

1.32 

13 

.05 
.26 

39 
46 

6.1 

26 

.0 

156     54 

1.3     2.5 

219     3.5 

Mean.. 
Perot. 

307 

311 

.95 

12 

32 

.0      165     76 

1.2  1  6.9 

295   .... 

of  anhy- 

" 

1 

drouj 

residue.. 

13.6 

6.1 

15.6 

4.1 

las 

27.5 

25.7 

.4  1  2.3 

1 

..... 

1"** 

aAnalyse^  September  10, 1906,  to  February  12.  1907.  by  W.  M.  Barr;  February  13  to  22, 1907,  by  H.  8. 
Spaulding;  February  24  to  June  30, 1907,  by  Walton  Van  Winkle. 
6FeiO  . 
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Mirieral  analyses  of  water  from  Oconee  River  near  Dublin  f  Crafi 
[Parts  per  million,  unless  otherwise  stated.] 


Date 

(190&-7). 


From- 


Oct.  18 
Oct.  28 
Nov.  7 
Nov.  18 
Nov.  28 
Dec.  8 
Dec.  19 
Jan.  4 
Jan.  16 
Jan.  27 
Feb.  7 
Mar.  2 
Mar.  12 
Mar.  22 
Apr.  1 
Apr.  11 
Apr.  25 
May  5 
May  15 
May  25 
June  4 
Juno  14 
June  24 
July  4 
July  15 
July  25 
Aug.  4 
Aug.  15 
Aug.  26 
Sept.  8 
Sept.  28 
Oct.     8 


To- 


Oct. 

Nov. 

Nov. 

Nov. 

Dec. 

Dec. 

Jan. 

Jan. 

Jan. 

Feb. 

Feb. 

Mar. 

Mar. 

Mar. 

Apr. 

Apr. 

May 

May 

May 

June 

June 

June 

July 

July 

July 

Aug. 

Aug. 

Aug. 

Sept. 

Sept. 

Oct. 

Oct. 


55 
75 
85 
85 
80 
165 
160 
105 
38 
80 
40 
240 
110 
35 
75 
185 
95 
200 
100 
350 
13  375 
23   400 


Mean. 
Per  ct.  of  anhy- 
drous residue. 


23 

51 

28 

65 

52 

94 
125 

85 

32 
I  59 

36 
204 
100 

28 

65 
176 

75 
206 

69 
232 
220  I 
275  I 
266  I 
354 
233 
504 
266 
460 
205 
328 
379 


208   171 


a42 
.68 
.33 
.76 
.65 
.61 
.78 
.81 
.84 
.74 
.90 
.85 
.91 
.80 
.87 
.95 
.79 

1.03 
.69 
.66 
.69 
.69 

1.16 

1.01 
.68 
.77 
.66 

1.08 
.71 
.82 

1.08 


6.1 
15 
16 
16 
12 
16 

9.6    13 


.78 


3.5  |16 


21 
3a2 


0.6 
2.0 

.9 

.40 

.5 

.7 
1.2 

.5 

.9 

.8 
1.0 

.1 

.6 
1.6 
1.3 
2.4 
1.8 
2.5 
42 


I'    & 


9.0 
11 
8.8 
8.8 
9.6 
12 
8.3 
5.7 
14 
12 
6.6 
7.6 
9.6 
12 
9.6 
10 
7.0 
10 
7.8 
Tr.  i  7. 7 
Tr.    6. 6 
Tr.  '  6. 3 
Tr.  ,  6. 6 
Tr. 
Tr. 
Tr. 
.02 
Tr. 
Tr. 
Tr. 
.02 
.6 


7.1 
6.3 
5.9 
7.2 
6.9 
6.4 
11 
8.5 


8.5 
12.2 


Tr. 
4.4 


1.2    

Tr.   

1.2    

1.6    

1.6    

2.4  I 

1.6  1 

1.6    

2.2  .  a4 
2.0   11 
2.2  '  7.9 


50 

3 


2.1 

8.1 

3.2 

8.3  ! 

1.6 

9.4  > 

1.9 

6.2  , 

1.9 

8.1 

1.2 

7.9 

.9 

10 

1.1 

7.9 

1.1 

12 

1.7 

8.3 

1.9 

9.2 

1.6 

8.8 

2.3 

12.6 

0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
iM.8 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


.0 
26.1 


II 


I 


6.4 
6.2 
6.6 
6.0 


34  8.1 

37  4.9 

27  7.5 

34  '  6.3 

32  6.1 

40  <  5.4 

40  6.0 

41  ■  5.5 
54  7.4 
60  1  7.5 


1.0     3.4 
1.4     4.9 


1.4 

.6 

.8 
1.9 

.9 
1.7 
3.1 
3.4 
1.4 
4.3 
7.6 
6.9 
3.2 
1.6 
1.6 
3.3 
6.4 
4.0 
1.9 
1.4 

.9 
1.0 
2.4 
1.6 

.8 
2.7 

.9 
2.0 

.7 
1.0 
3.9 

.4 


oAnalyses  October  18, 1906,  to  May  14, 1907,  by  J.  R.  Evans;  May  15  to  October  17, 1907,  by  R.  B.  Dole, 
Chase  Palmer,  and  W.  D.  Collins. 
b  Abnormal;  computed  as  HCO  in  the  average. 
cFeiOs. 
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SURFACE  WATERS  EAST  OP  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Ocmulgee  River  near  Macon,  Oa.<* 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 


From— 


Oct. 

Oct. 

Nov. 

Nov. 

Nov. 

Dec. 

Dec. 

Jan. 

Jan. 

Jan. 

Feb. 

Feb. 

Feb. 

Mar. 

Mar. 

Mar. 

Apr. 

Apr. 

Apr. 

May 

May 

May 

June 

June 

June 

July 

Aug. 

Aug. 

Aug. 

Sept. 

Sept. 

Oct. 

Oct. 


To— 


Oct.  28 
Nov.  7 
Nov.  17 
Nov.  27 
Dec.  7 
Dec.  17 
Jan.  4 
Jan.  16 
Jan.  26 
Feb.  6 
Feb.  15 
16  I  Feb.  25 
26  Mar.  7 
8  Mar.  17 
Mar.  27 
Apr.  6 
Apr.  16 
Apr.  26 
May  6 
May  16 
May  26 
June  5 
June  15 
June  26 
July  11 
July  21 
Aug.  12 
Aug.  22 
Sept.  9 
Sept.  19 
Sept.  30 
Oct.  10 
12  1  Oct.   21 


Mean 

Per  ct.  of  anhy- 
drous residue. 


35 

49 

50 

65 

60 

75 

30 

60 

40 

240 

75 

40 

210 

55 

35 

25 

30 

560 

450 

204 

45 

310 

226 

410 

670 

416 

1,100 

580 

550 

270 

400 

180 

35 


27  0. 

14 

18 

26 

24 

46 

20 

42 

28 
189 

60 

33 
178 

46 

27 

23 

29 
511 
416 
158 

31 
234 
179 

241  . 
527 
331 
807 
552 
414 
133 
200 
I  90 

32 


230   174     .72 


21 

35 

16 

10 
8.9 
2.6 
1.1 


12 
32 
30 
30 
26 
29 
26 
18 
21 
34 
32 
33 
38 
15 
14 
27 
23 
21 
24 
31 
25 
26 
23 
25 
23 
32 
7.5 
21 
16 
41 
29 
42 
28 


0.6  5.6 
.5  5.2 
.20  8.3 


.30 

.9 

.7 

.9 

.8 

.8 
1.8 

.8 

.7 
1.4 

.8 
1.0 
1.2 
2.1 
1.7 
1.4 
1.1 
2.0 
1.2 
1.2 
2.4 
2.0 
1.6 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 


26      I    .9 
39.8  >2.0 


7.5 
8.1 
9.6 
4.4 
3.6 
3.6 
4.6 
7.6 
8.0 
6.8 
6.0 
9.6 
11 
9.2 
5.5 
4.5 
6.7 
5.7 
4.9 
5.7 
4.1 
6.5 
8.1 
5.0 
5.8 
5.8 
6.4 
5.1 
5.7 
4.7 


1.6 
.8 
Tr. 
1.2 
1.6 
1.2 
Tr. 
Tr. 
Tr. 
2.4 
Tr. 
1.6 
Tr. 
0.8 
Tr. 
Tr. 
Tr. 
1.2 
.8 

2.9 
2.8 
2.6 
2.4 
1.5 
2.2 
1.5 
1.8 
1.8 
2.3 
1.8 
1.8 
1.4 


s5 


10 

8.1 
11 

4.4 

6.9 
6.3 
7.5 
6.8 

11 
6.6 
7.4 

11 

11 
8.1 


1.2     8.3 
1.8    12.7 


26 


1. 


0 
21.2 


sS 


5.5 


28 


•=  Is 
I    1 


4.0 

3.0 

1.5 

1.8 

1.5 

1.7 

4.0 

3.5 

2.0 

2.5 

2.0 

1.5 

3.5 

3.0 

3.5 

3.5 

4.0 

2.5 

3.0 

5.0 

4.0 

2.5 

3.0  , 

4.0 

3.5 

4.0 

1.4 

1.8  ' 

2.6 

1.0 : 

2.3 
3.0 
3.2 


50     3.7 

66     2.9 

77     3.0 

72     4.0 

77     2.8 

75  I  3.3 

56  I  5.4 

88  .  4.3 

46 

64 

58 

57 

71 

47 

52 

70 

64 

48 


3.3 
7.2 
7.8 
4.0 
8.9 
5.0 
3.4 
3.1 
3.4 
7 


50     5.3 
96     4.5 


3.0 
3.1 
2.8 
2.5 
4.3 
2.2 
2.7 
3.3 
1.7 
1.1 
3.7 
1.6 
.9 


a  Analyses  October  19,  1906,  to  May  6,  f907,  by  J.  R.  Evans;  May  7  to  July  21,  1907,  by  W.  D.  Collins; 
August  3  to  October  21,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 
bFetOs. 
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Mineral  analyses  of  water  from  Oostanaula  River  near  Rome,  GaA 
[Parts  per  million,  anless  otherwise  stated.] 


Date 
(1906-7). 


Prom— 


To- 


50 
go 

r 
3 


f 

i 


II 

3 


Oct.  21 
Oct.  31 
Nov.  10 
Nov.  20 
Dec.  2 
Dec.  12 
Dec.  22 
Jan.  1 
Jan.  11 
Jan.  21 
Feb.  1 
Feb.  11 
Feb.  21 
liar.  5 
Mar.  15 
liar.  25 
Apr.  4 
Apr.  14 
Apr.  24 
Hay  3 
Hay  14 
Hay  24 
Jmie  6 
Jmie  16 
Jtme  27 
July  8 
Aug.  7 
Aug.  17 
Sept.  27 
Oct.  7 
Oct.   18 


Oct. 
Nov. 
Nov. 
Dec. 
Dec. 
Dec. 
Dec. 
Jan. 
Jan. 
Jan. 
Feb. 
Feb. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 
Apr. 
May 
May 
May 
June 
Jtme 
June 
July 
July 
Aug. 
Aug. 
Oct. 
Oct. 
Oct. 


18 

14 
120 

96 

69 

77 

53 

41 

16 

21 

28 

3. 

124 

38 

23 

10 

56 

56 
236 
220 
149 
318 
170 
114 
378 
370 
234 
198 

87 

37 
8.8 


a  72 

.35 

.86 
.77 
.73 
.73 
.76 
.63 
.64 
.70 
.70 
.90 
.75 
.84 
.92 
.83 
.86 
.93 
.91 
1.00 
1.00 
.93 
.85 
.63 
.91 
1.00 
.90 
.76 
.70 
.80 
.88 


23 
34 
34 
29 
27 
25 
22 
14 
21 
18 
13 
33 
16 
18 
19 
17 
8.8 
7.8 
18 
18 
29 
25 
28 
26 
39 
31 
23 
'  47 
1.2  44 
Tr.  17 


Per  ct.  of  anhy- 
drous residue  . 


109 


.80 


Tr. 
0.30 

.40 

.6 

.40 

.9 

.7 

.8 

.20 

.8 

.6 

.7 
1.3 

.9 
1.2 
1.2 
1.4 
1.4 
1.6 

.7 
1.0 
1.6 

.6 

.40 
1.2 

.8 

Tr. 

Tr. 

Tr. 

Tr. 

Tr. 


12 
12 

9.9 
11 

9.6 

8.2 
11 

9.6 
11 
13 
11 
11 
14 

7.6 
15 
11 
14 
15 
13 
15 
11 
12 

14  " 

12 

13 

9.6 
13 

7.3 
14 
11 


1.2 


1.2 
1.6 
1.2 
1.2 
1.2 
3.2 
0.8 
2.0 
Tr. 
1.2 


3.3 
3.1 
3.2 
3.3 
4.1 
3.7 
3.9 
4.6 
2.9 
3.2 
5.0 
2.9 


8.8 

11 

11 
6.0 
8.2 
6.6 

12 

13 
9.4 
7.6 
7.9 
9.1 


0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


ai 

.6 
.3 
.4 
.6 
.8 
.4 
.6 
1.0 
.2 
.7 
.3 
.4 
.4 
.8 
.6 
.4 
.2 
.0 


2.0 
3.0 

L's 

1.5 
1.8 
2.0 
1.5 
1.8 
1.5 
2.0 
2.0 
3.0 
2.0 
1.0 
2.5 
2.0 
2.0 
3.0 
1.0 
1.5 
1.5 
2.5 
2.0 
2.0 
2.0 
1.0 
0.6 
1.7 
1.2 
1.8 


24 
29.6 


7 
M.2 


12 
14.8 


2.6 
3.2 


9.2       .0     53 
11.3  32.2    .... 


.4     1.8 
.5  I  2.2 


82 


6.1 
2.8 
3.3 
14  4 
3.6 
6.3 
6.6 
8.0 
3.0 
3.2 
9.0 
3.6 
9.7 
6.1 
40 
3.1 
3.4 
3.6 
4  7 
42 
5.4 
5.0 
3.8 
2.4 
2.9 
2.4 
1.9 
2.0 
2.6 
1.5 
1.0 


«  Analyses  October  21, 1906,  to  May  2, 1907,  by  Jas.  R.  Evans:  May  2  to  July  17, 1907,  by  W.  D.  CoUIns; 
August  7  to  October  28, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 
6FesO». 
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88  SUBFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 

Mineral  analyses  ofwaUrfrom  OswegatckU  River  at  Ogderuburg,  N.  F.a 
[Parts  per  million,  unless  otherwise  stated.] 


Date. 

1 

1 
li 

i 

1^1 

i 

Ide 
Die 

■*» 

(lWfr.7). 

& 

1 

1 

3 

& 

t 

^ 

I. 
II 

v.^.^ 

1  r^ 

S' 

6.2 

5w 

II 

From — 

To- 

I 

1 

1 

1 

i 

1 

1 

0.0 

Tr. 

1 

80 

Aug.  28 

Sept.  10 

8 

8 

1.00 

1.2 

12 

0.4 

11 

2.9 

0.0 

45 

46 

Sept.  11 

Sept.  20 

9 

9 

1.00 

.3 

14 

.28 

11 

3.2 

.0 

45 

48 

.0 

Tr. 

82 

48 

^'\ 

Sept.  30 

7 

6 

.86 

.6 

13 

.4 

12 

8.4 

.0 

49 

7.4 

Tr. 

Tr. 

91 

46 

Oct.   10 

8 

6 

.75 

6.2 

13 

Tr. 

9.6 

48 

.0 

36 

7.2 

.0 

Tr. 

81 

5.1 

Oct.   U 

Oct.  20 

6 

6.4 

1.07 

.2 

13 

Tr. 

12 

3.6 

. 

.0 

46 

6.6 

Tr. 

Tr 

83 

6.0 

Oct.   21 

Oct.  30 

8 

14 

1.76 

.6 

16 

Tr. 

14 

40 

6.9 

.0 

59 

7.1 

Tr. 

Tr. 

90 

6.6 

Oct.  31 

Nov.    0 
Nov.  20 

7 

4.6 

.66 

.1 

14 

.10 

16 

3.8 

6.6 

.0 

64 

7.9 

.0 

Tr. 

94 

6.0 

Nov.  10 

9 

13 

1.44 

.6 

16 

.20 

16 

40 

6.1 

.0 

59 

13 

.0 

Tr. 

100 

5.5 

Nov.  22 

Nov.  30 

10 

9.0 

.90 

.6 

11 

.30 

13 

8.6 

49 

.0 

56 

8.6 

.0 

Tr. 

83 

6.3 

Dec.     1 

Dec.  11 

6 

9.4 

1.67 

.1 

7.8 

.10 

16 

3.4 

6.8 

.0 

69 

8.6 

Tr. 

Tr. 

84 

&1 

Dec.  12 

Dec.  22 

5 

2.8 

.66 

.7 

10 

.18 

13 

44 

49 

.0 

53 

9.0 

.9 

.7 

79 

5.7 

Dec.  23 

Jan.     1 

7 

48 

.68 

.6 

8.5 

.21 

16 

48 

3.6 

.0 

69 

8.5 

.6 

.5 

83 

5.4 

Jan.     2 

Jan.   11 

17 

14 

.82 

.6 

8.8 

.21 

13 

40 

3.3 

.0 

51 

7.9 

.6 

.2 

72 

7.0 

Jan.    12 

Jan.  21 

6 

3.4 

.67 

.4 

7.5 

.16 

14 

42 

3.6 

.0 

52 

6.9 

1.0 

.6 

78 

6.5 

Jan.   22 

Feb.    1 

7 

42 

.60 

.3 

8.0 

.16 

12 

3.4 

3.6 

.0 

61 

7.7 

.6 

1.6 

72 

a6 

Feb.    2 

Feb.  12 

18 

16 

.89 

.3 

6.6 

.10 

13 

2.0 

41 

b6.8 

40 

6.4 

.0 

Tr. 

70 

5.1 

Feb.  13 

Feb.  22 

9 

44 

.49 

.4     8.6 

.18 

12 

2.8 

49 

.0 

46 

7.1 

1.0 

2.2 

60 

47 

Feb.  23 

Mar.    6 

10 

6.6 

.66 

.4     8.4 

.14 

12 

2.8 

3.9 

.0 

44 

8.7 

1.2 

Tr. 

70 

46 

Mar.    7 

Mar.  18 

7 

3.2 

.46 

.3     9.2 

.14 

10 

2.8 

6.2 

.0 

37 

9.4 

1.9 

Tr. 

67 

49 

Mar.  19 

Mar.  29 
Apr.  19 

10 
6 

30 
10 

3.00 
1.67 

.8     3.0 
.5  .12 

.05 
.13 

11 
14 

2.8 
3.9 

6.7 
6.8 

6.8 
7.1 

.0 
1.9 

Tr. 
1.9 

64 

78 

6.8 

Apr.  10 

'".'6* 

59* 

6.3 

^^•^ 

Apr.  30 
May  10 

9 

17 

1.80 

.8  !12 

.15 

14 

41 

6.3 

.0 

60 

7.2 

1.0 

.2 

80 

5.6 

23 

27 

1.18 

1.4 

.30 

14 

3.7 

6.4 

.0 

67 

7.6 

1.4 

.6 

87 

6u8 

May  11 

May  20 

8 

21 

2.62 

.7 

8.2 

.10 

14 

3.8 

7.5 

^2.4 

66 

7.1 

Tr. 

1.0 

75 

6.3 

May  21 

May  30 

3 

8.5 

2.83 

.4 

7.6 

.13 

13 

3.6 

6.1 

.0 

66 

7.6 

Tr. 

.6 

74 

5.4 

May  31 

June    9 

8 

17 

2.12 

.5 

7.2 

.14 

14 

3.5 

46 

641 

53 

7.1 

.8 

.2 

73 

5.3 

June  11 

June  20 

3 

18 

6.00 

.6 

8.2 

.12 

14 

3.9 

46 

.0 

61 

7.4 

.8 

.6 

78 

49 

June  21 

June  30 

8 

13 

1.62 

1.0 

.36 

12 

3.2 

6.6 

.0 

64 

9.1 

.6 

.2 

88 

48 

July     1 
July  11 

July  10 
July  20 

16 
10 

13 
17 

.87 
1.70 

.8 
.8 

6.' 4* 
6.6 

.30 
.21 

12 
12 

3.6 
2.7 

10 
9.3 

Tr. 
Tr. 

.6     60 

49 

■6.*3 

*.*0 

49 

Tr. 

69 

47 

July  21 

July  30 

10 

11 

1.10 

.8 

6.4 

.36 

12 

3.8 

6.4 

.0 

8.2 

Tr. 

Tr. 

62 

45 

July  31 

Aug.  10 

5 

6.6 

1.12 

.9 

6.2 

.44 

11 

3.3 

47 

.0 

9.4 

.3 

1.2 

60 

45 

Aug.  11 

Aug.  20 

5 

7.2 

1.44 

.9 

7.6 

.62 

11 

3.2 

.0 



10 

.2 

.6 

65 

44 

Aug.  21 

Aug.  30 

7 

7.2 

1.03 

.9 

9.4 

.66 

10 

3.4 

.  . 

.0 

12 

.2 

1.2 

75 

44 

Aug.  31 

Sept..  9 

3 

46 

1.53 

.8 

7.6 

.36 

10 

3.6 

6.3 

.0 

13 

.2 

Tr. 

70 

46 

Mean..' 

8 

10 

1.38 

.7 

9.4 

.21 

13 

3.5 

5.3 

.0 

63 

8.2 

.4 

.4 

77 

Per  ct.  of  anhy- 

drous 

1  residue.. 

141 

C.4 

19.6 

5.3 

8.0 

39.2  1 

12.3 

.6 

.6 

I 

a  Analyses  August  28  to  December  11,  1906,  by  R.  B.  Dole;  December  12,  1906,  to  March  29,  1907,  by 
R.  B.  Dole  and  M.  O.  Roberts:  April  10  to  June  30, 1907,  by  Chase  Pahner  and  M.  O.  Roberts;  July  1  to 
September  9, 1907,  by  R.  B.  Dole,  Chase  Pabner,  and  W.  D.  Collins. 

b  Abnormal;  computed  as  HCOi  hi  the  average. 

eFesO» 
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Mineral  analyses  of  water  from  Pearl  River  near  Jackson,  Mis$,^ 
[Parts  per  miUion,  anless  otherwise  stated.] 


Date. 
(1906-7). 


From— 


Oct.  16 
Oct.  27 
Nov.  9 
Nov.  21 
Dec.  4 
Dec.  26 
Jan.  6 
Jan.  16 
Jan.  28 
Feb.  7 
Feb.  17 
Mar.  1 
Mar.  17 
Mar.  27 
Apr.  6 
Apr.  10 
Apr.  30 
May  10 
May  24  i 
June  3 
June  14 
June  24 
July  4 
July  14 
July  24 
Aug.  4 
Aug.  16 
Aug.  25 
Sept.  4 
Sept.  15 
Sept.  27 
Oct.     8 


To- 


Oct.  26 
Nov.  8 
Nov.  20 
Dec.  3 
Dec.  16 
Jan.  6 
Jan.  16 
Jan.  26 
Feb.  6 
Feb.  16 
Feb.  26 
Mar.  16 
Mar.  26 
Apr.  6 
Apr.  18 
Apr.  29 
May  9 
May  23 
June  2 
June  13 
June  23 
July  3 
July  13 
July  23 
Aug.  3 
Aug.  14 
Aug.  24 
Sept.  3 
Sept.  14 
Sept.  26 
Oct.  7 
Oct.    19 


Mean 

Per  ct.  of  anhy- 
drous residue. 


66 


28 

38 
8.0 

14 

22 

76 

47 

18 

38 

26 

84 

63 

40 

26 
176 

66 
147 

47 

50 

38 

50 

50 

59 

36 

41 

15 

37 

33 

37 

32 

16 

21 


46 


0.62 
.51 
.67 
.40 
.66 
.72 
.85 
.72 
.63 
.87 
.93 
.74 
.67 
.87 

1.10 

1.60 
.86 
.78 
.83 
.84 

1.00 

1.00 
.69 
.80 

2.73 
.50 
.82 
.73 
.92 
.64 

1.60 
.70 


.93 


2.8 
6.6 
4.4 
9.6 
11 
7.0 
7.9 
3.6 
3.6 
2.4 
5.2 
3.2 
6.1 
2.8 
2.3 


13 
27 
21 
23 
19 
128 
32 
19 
19 
15 
20 
14 
13 
20 
16 
31 
23 
10 
11 
26 
24 
20 
13 
15 
13 
11 
11 
12 
13 

9.7 
14 

8.9 


18 


0.20 
.7 
.8 
.7 
.30 
.9 
.6 
.6 
.40 
.10 
.20 
.10 
.40 
.5 

2.8 
1.7 
.05 
.10 
.07 
.04 
Tr. 
.03 
.03 
.03 
.03 
.04 
.04 
.04 


5.2 
5.5 
9.6 

,10 

12 
6.5 
4.7 

4.' 4 
4.4 
4.4 

4.4 

10 
8.8 
8.4 
4.0 
5.0 
5.1 
6.2 
7.9 
8.1 
9.7 
7.0 
8.6 
9.7 
8.3 
7.7 
6.3 
7.4 
6.9 
8.0 
6.9 


.37 


29.1  j  6.8 


7.1 
11.5 


0.8 
.8 
1.2 
1.6 
1.2 
Tr. 
.4 
1.6 
1.2 
1.2 
Tr. 
Tr. 
1.6 
.8 
Tr. 

Tr." 
1.2 
1.6 
1.4 
1.6 
1.6 
1.9 
1.7 
1.6 
1.7 
1.4 
.9 
1.0 
1.6 
2.1 
1.3 


7.9 
6.7 
8.3 

U 

13 

14 
9.6 
8.8 
7.6 
8.3 
7.9 
9.2 
4.7 
8.3 
8.3 


3 

f 


CO 


ao 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


8.9       .0 
14.4  |25.5 


20 

22 

32 

34 

41  I 

22 

20 

64 

15 

12 
34 
29 
27 


17 

28     5.6 


6.7 
6.6 
7.4 
6.2 
11 
6.9 
6.8 
6.2 
6.1 
4.9 
4.8 
4.7 
6.0 
5.6 


32  I  6.4 
...  10.3 


0.4 
.9 
.4 

.9 
.5 
1.0 
.7 
.9 
.3 
.1 
.2 
.5 
.8 
.6 
.7 
.9 


1.0  i  2.6 
2.6 
3.1 
3.4 
3.2 
6.5 
3.2 
2.9 
2.6 
5.0 
2.6 
2.6 
2.4 
3.6 
2.9 


I 


17.8 
3.0 
2.0 
3.3 
3.4 
7.8 
9.6 
5.0 
7.9 

18.6 
8.9 


36  23.0 


9.5 
4.3 
3.7 
7.9 
12.4 
21.0 
12.7 
5.4 
3.6 


76  '  2. 7 


3.4 
2.6 
1.9 
1.9 
2.1 
2.6 
1.9 
1.6 
1.0 
1.3 


59 


oAnalyses  October  16, 1906,  to  May  8, 1907,  by  Jas.  R.  Evans;  May  10  to  October  19, 1907,  by  R.  B.  Dole, 
Chase  Palmer,  and  W.  D.  Collins. 
^FesOs. 


Digitized  by  VjOOQIC 


90 


SUBPACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Pedee  Rivernear  Pedee,  N.  C« 
f Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 


Prom — 


Oct.  26 
Nov.  6 
Nov.  17 
Nov.  30 
Dec.  12 
Dec.  27 
Jan.  9 
Jan.  22 
Feb.  6 
Feb.  20 
Mar.  16 
Mar.  31 
Apr.  16 
Apr.  26 
M:ay  2 
May  12 
May  22 
June  18 
June  29 
Aug.  19 
Sept.  ] 
Sept.  14 
Oct.  2 
Oct.   16 


To— 


Nov. 
Nov. 
Nov. 
Dec. 
Dec. 
Jan. 
Jan. 
Feb. 
Feb. 
Mar. 
Mar. 
Apr. 
Aor. 
May 
May 
May 
June 
June 
July 

AUR. 

Sept. 
Sept. 
Oct. 
Oct. 


Mean 

Per  ct.  of  anhy- 
drous residue.. 


T 


.76 


6.3 
10 

as 

2.4 


26 
38.8 


Tr. 

0.9 
.9 
.8 
.8 
.40 
.20 
.30 
.20 
.10 
.10 
.30 
.20 
.40 

cl.4 
.40 
.8 

e2.8 

Tr. 

Tr. 
.03 
.03 

Tr. 

Tr. 


9.1 
6.7 
4.7 
6.5 
6.4 
6.2 
7.4 
8.4 
9.2 

12 

10 
7.6 
7.0 
6.5 
6.5 
6.7 
5.1 
4.1 
6.1 
5.8 
6.8 
4.9 
6.6 
9.3 


7.2 
7.8 

11 
7.2 

14 

13 
9.4 
5.4 
6.5 
7.2 


.31     6.9     1.3 
d.7  i  10.3     1.9 


8.9 
13.3 


I 


SO 

f 


ao 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


.0 
23.6 


1^ 

IS 

Is 

go 


t 


32 


L 

d 

r- 

2 


0.4 
.6 
.3 
.5 
.6 
.6 
.4 
.9 
.4 
.4 
.7 
.4 
.2 
.3 
.5 
.2 
.4 
.5 

1.4 


I  I 


I 
3 

o 


3.5 
2.0 
7.5 
7.0 
7.5 
4.0 
1.7 
3.0 
4.5 
1.5 
3.5 
2.0 
2.0 
3.0 
3.0 
3.5 
4.5 
3.0 
1.4 
.9  I  1.6 


3-1 
4.6 


3.0 
2.8 
3.9 
2.8 
3.1 
3.8 
2.8 
2.6 
2.7 
3.2 
2.8 
3.1 
3.1 
3.4 
2.9 
2.5 
Z8 
3.0 
3.2 
2.4 
2.3 
2.8 
2.4 
2.2 


'I 


a  Analyses  October  26. 1906,  to  May  1, 1907,  by  Jas.  R.  Evans;  May  2  to  June  28, 1907,  by  W.  D.  CoUlss; 
June  29  to  October  19,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 
b  Oaging  station  at  CherawyS.  C.  20  miles  below, 
e  Abnormal;  computed  as  HCOi  In  the  average. 
dFeiOs. 
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Mineral  analyses  of  water  from  Platte  River  near  Columbus  ^  Nebr.a 
[Parts  per  million,  unleog  otherwise  stated.] 


Date 

(1906-7). 


From— 


Oct.  1 

Oct.  12 

Oct.  22 

Nov.  3 

Nov.  13 

Nov.  23 

Dec.  3 

Dec.  14 

Dec.  24 

Jan.  3 

Jan.  13 

Jan.  23 

Feb.  2 

Feb.  15 

Feb.  25 

Mar.  7 

Mar.  17 

Mar.  27 

Apr.  « 

Apr.  16 

Apr.  27 

May  7 


To— 


Oct.  11 
Oct.  21 
Nov.  2 
Nov.  12 
Nov.  22 
Dec.  2 
Dec.  13 
Dec.  23 
Jan.  2 
Jan.  12 
Jan.  22 
Feb.  1 
Feb.  12 
Feb.  24 
Mar.  6 
Mar.  16 
Mar.  26 
Apr.  6 
Apr.  15 
Apr.  26 
May  6 
May   15 


20 

50 

350 

625 

300 

210 

180 

50 

60 

20 

15 

20 

15 

215 

115 

580 

325 

700 

2.000 

800 

900 

580 


Mean 

Per  ct.  of  anhy- 
drous residue.. 


374 


21 

41 

311 

542 

244 

178 

162 

48 

46 

27 


8.0 

10 

110 

90 

432 

264 

534 

1,432 

im 

774 
38.^1 


300 


.40 
.67 
.61 
.78 
.75 
.84 
.76 
.72 
.80 
.86 
.6^ 


Tr. 
a  10 
.20 
.20 
.20 
.20 
.07 
.05 
.10 
.05 
Tr. 
.08 
.10 
Tr. 
Tr. 
.9 
.25 
.35 
.35 
.20 
1.0 


63 
15.0 


15 

40 

16 

40 

34 

13 

39 

17 

50 

17 

22 



18 
4.3 


IS 


48 
11.4 


0 
21.8 


189 
187 
167 
181 
195 
187 
204 
220 
190 
207 
152 
216 
198 
148 
192 
186 
200 
184 
175 
182 
161 
168 


I 


223 

181 
206 
191 
186 


194 


152 
3^.2 


d 


12 

11 
&4 
9.6 

13 

14 

19 

19 

15 

17 

16 

17 

16 
8.6 

13 

17 

20 

16 


437 
.3       3.3    .... 


1.8 
2.2 
3.0 
3.6 
3.2 
3.0 


3.2 
.3.0 
2.8 
3.2 
2.9 


a  Analyses  October  1, 1906,  to  February  12, 1907,  by  W.  M.  Barr;  February  15  to  24, 1907,  by  H.  8.  Spauld- 
Ing;  February  25  to  March  6,  1907,  by  Walton  Van  Winkle. 
*Fe»Oi 
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SURFACE  WATERS  EAST  OP  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  of  water  from  Platte  River  at  Fremont,  Nebr.<^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date 

i 

1 

i 

k 

^ 

i 

•§   '1 

1 

(1W6-7). 

if 

i 

t 

1. 

I! 

0 

Prom— 

To- 

1 

1 

i 

1 

i 

1 

P 

1 

1^ 

PQ 

1  ,2 

1' 

Oct.  10 

Oct.  20 

100 

88 

0.88 

50 

0.10 

47 

36 

0.0 

199 

37 

0.0 

4.9 

265 

Oct.  21 

Oct.  31 

290 

637 

1.85 

44 

.40 

44 

"u" 

.0 

157 

51  \    .9 

4.5 

2« 

Nov.  1 

Nov.  10 

540 

632 

1.17 

49 

.40 

47 

12 

"■32 

.0 

161 

71  1.3 

7.3 

309 

Nov.  11 

Nov.  20 

400 

335 

.84 

42 

.40 

54 

14 

41 

.0 

97   .9 

9.0 

350 

Nov.  21 

Nov.  30 

170 

174 

1.02 

43 

.16 

53 

19 

.0 

iw' 

86   .9 

7.7 

328 

Dec.  1 

Dec.  10 

270 

272 

l.Ol 

61 

.20 

62 

14 

'"34" 

.0 

193 

107 

1.3 

8.5 

364 

Dec.  11 

Dec.  20 

125 

111 

.80 

46 

Tr. 

61 

16 

38 

.0 

218 

111 

.4 

7.5 

385 

Deo.  21 

Dec.  30 

193 

44 

Tr. 

60 

14 

33 

.0 

221 

03 

Tr. 

8.1 

352 

Dec.  31 

Jan.  9 

"'so' 

52 

■*."65' 

38 

.15 

53 

15 

34 

.0 

185 

97 

1.4 

8.4 

339 

Jan.  10 

Jan.  27 

10 

13 

1.30 

47 

Tr. 

62 

13 

40 

.0 

237 

79 

1.3 

7.8 

391 

Jan.  28 

Feb.  6 

10 

10 

1.00 

47 

.15 

67 

15 

34 

.0 

209 

80 

1.9 

7.1   335 

Mar.  13 

Mar.  22 

675 

442 

.65 

40 

.28 

53 

13 

31 

.0 

199 

82 

Tr. 

8.8  1  341 

Mar.  24 

Apr.  6 

460 

544 

1.18 

35 

.32 

57 

16 

32 

.0 

192 

95 

.6 

7.1 

387 

Apr.  6 

Apr.  17 

1050 

814 

.77 

44 

.30 

47 

11 

26 

.0 

176 

75 

.8 

6.9 

296 

Apr.  18 

Apr.  27 
May  8 

540 

477 

.88 

49 

.45 

13 

33 

.0 

181 

83 

Tr. 

10 

347 

Apr.  28 
May  9 

510 

536 

1.05 

62 

.6 

'"*45" 

11 

37 

.0 

168 

71 

1.1 

5.4 

322 

May  18 

50 

.40 

49 

12 

.0 

170 

71 

.7 

5.7 

308 

May  19 

May  29 

"485" 

"649' 

1.34' 

50 

.40 

43 

13 

'  "24" 

.0 

168 

57 

2.3 

4.8 

280 

May  30 

June  8 

•700 

980 

1.40 

44 

.23 

41 

9.3 

23 

.0 

160 

51 

2.4 

6.7 

256 

June  9 

June  18 

600 

804 

1.34 

41 

.12 

38 

8.3 

23 

.0 

160 

60 

3.0 

4.0 

251 

June  20 

June  29 

625 

514 

.82 

55 

.8 

40 

11 

27 

.0 

169 

52 

1.8 

3.8 

283 

June  30 

July  10 

850 

680 

.81 

.10 

41 

5.9 

29 

.0 

154 

45  ;  1.8 

4.5 

228 

July  11 

July  20 

1,050 

1,725 

1.64 

"si 

.8 

38 

4.4 

25 

.0 

142 

42  2.4 

2.6 

241 

July  21 

July  30 

500 

427 

.85 

32 

.06 

39 

4.5 

.0 

152 

40  1  .9 

337 

July  31 

Aug.  10 

375 

343 

.91 

42 

.20 

41 

8.7 

"34 

.0 

186 

49  1  Tr.  1  6.5 

260 

Aug.  11 

Aug.  20 

450 

332 

.74 

45 

.15 

44 

10 

27 

.0 

167 

64 

.9  ,  5.7 

274 

Aug.  21 

Aug.  31 

95 

100 

1.05 

49 

.15 

43 

9.9 

25 

.0 

166 

51 

Tr. 

5.0 

274 

Sept.  1 

Sept.  10 

230 

224 

.97 

44 

.12 

43 

9.5 

24 

.0 

165 

46 

1.8 

4.8 

253 

Sept.  11 

Sept.  21 

90 

93 

1.03 

63 

.10 

45 

8.2 

15 

6  4.8 

161 

37 

0.3 

6.6 

271 

Sept.  22 

Oct.  1 

95 

99 

1.04 

62 

.10 

40 

4.2 

20 

6  4.8 

155 

24 

0.3 

3.0   243 

Oct.  2 

Oct.  11 

200 

168 

.84 

60 

.66 

41 

8.6 

31 

66.0 

162 

41 

1.0 

6.0  1  270 

Oct.  12 

Oct.  23 

75 

76 

1.01 

45 

.06 

45 

9.4 

32 

6  4.8 

167 

58 

0.5 

7.4   280 

Oct.  24 

Nov.  2 

100 

87 

.87 

51 

.14 

46 

9.7 

32 

66.0 

160 

61 

0.8 

7.8 

290 

Mean.. 
Per  ct. 

379 

392 

1.03 

47 

.26 

47 

11 

30 

.0 

178 

66 

1.0 

6.4 

303 

of  aiihy- 

drou£ 

residue. . 

• 

15.0 

c.l 

15.9 

3.7 

10.1 

29.6 

22.3   .3 

2.1 

a  Analyses  October  10.  1906,  to  February  6,  1907,  by  W.  M.  Barr;  March  13,  to  September  10,  1907,  by 
Walton  Van  Winkle;  September  11  to  November  2, 1907,  by  R.  B.  Dole, Chase  Palmer,  and  W.  D.  Collins. 
6  Abnonnal;  computed  as  HCOi  in  the  average. 
«FesOt. 
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Mineral  analyses  ofwaUrfrom  Potomac  River  at  Cumberland,  Md,^ 
[Parts  per  mllUon,  unless  otherwise  stated.] 


Date 

i 

1 

^ 

k 
1^ 

^  !l 

1 

a 

1 

•*» 

(19(»-7). 

>* 

S 
1 

1 
1 

t 

I 

! 

t 
1 

t 

a 

tJJ 

1 

0 

g 

From— 

To- 

so 

1 

in 
P 

f 

Sept.  11 

Sept.  20 

10 

13 

1.30 

1.4 

9.0 

Tr. 

39 

7.4 

8.5 

0.0 

46 

96 

1.7 

12 

204 

3.1 

Sept.  21 

Sept.  30 

6 

12 

2.00 

.1 

12 

Tr. 

46 

8.6 

12 

.0 

61 

117 

.6 

16 

234 

2.6 

Oct.     1 

Oct.    11 

18 

19 

1.06 

2.1 

6.0 

0.20 

33 

5.6 

4.9 

.0 

61 

59 

.6 

9.0 

157 

2.4 

Oct.    12 

Oct.  21 

21 

19 

.90 

1.7 

8.0 

.10 

30 

4.8 

9.3 

.0 

43 

62 

.8 

11 

150 

2.7 

Oct.    22 

Oct.  31 

8 

17 

2.13 

.9 

6.4 

.20 

19 

3.2 

7.4 

.0 

37 

34 

.3 

5.0 

97 

3.5 

Nov.    1 

Nov.  10 

8 

6.0 

.75 

1.2 

7.4 

.05 

27 

4.4 

8.0 

.0 

45 

63 

.0 

9.6 

134 

3.6 

Nov.  12 

Nov.  21 

14 

14 

1.00 

1.1 

6.0 

.14 

29 

4.6 

8.5 

.0 

42 

63 

Tr. 

9.8 

144 

3.6 

Nov.  22 

Dec.    2 

8 

7.8 

.98 

.9 

7.0 

.30 

20 

3.8 

.0  22 

36 

1.0 

6.7 

98 

3.4 

Dec.     3 

Dec.  12 

29 

26 

.90 

1.6 

10 

.20 

20 

3.4 

.0  130 

34 

1.0 

7.2 

100 

4.1 

Dec.   13 

Dec.  22 

27 

25 

.93 

1.7 

13 

.20 

13 

2.6 

'*6.'6' 

.0  39 

24 

.9 

4.1 

80 

5.7 

Dec.  23 

Jan.     1 

34 

34 

1.00 

2.1 

6.2 

.16 

17 

3.8 

4.9 

.0  ,36 

42 

1.6 

3.8 

84 

4.3 

Jan.     2 

Jan.    11 

22 

23 

1.04 

2.1 

6.2 

.20 

15 

3.4 

4.4 

.0  ,32 

37 

1.4 

2.8 

79 

5.0 

Jan.    12 

Jan.   21 

80 

78 

.97 

6.6 

5.8 

.15 

12     2.6 

4.7 

.0  ,19 

26 

2.0 

3.8 

63 

7.4 

Jan.    22 

Jan.   31 

28 

20 

.71 

2.8 

14 

.06 

23 

6.8 

19 

612     22 

76 

1.4 

4.4 

159 

5.1 

Feb.     1 

Feb.  10 

26 

8.0 

.32 

1.9 

14 

.09 

23 

5.4 

4.4 

.0  25 

64 

1.8 

3.4 

128 

3.7 

Feb.  11 

Feb.  20 

26 

9.4 

.37 

1.9 

6.8 

.08 

23 

6.2 

4.3 

.0  29 

63 

1.8 

3.4 

122 

3.6 

Feb.  21 

Mar.    2 

33 

6.8 

.21 

1.6 

5.8 

.06 

22 

4.8 

3.2 

.0  28 

65 

1.2 

3.8 

111 

3.9 

Mar.    3 

Mar.  12 

37 

12 

.32 

2.1 

6.8 

.10 

17 

3.2 

3.3 

.0  28 

38 

1.9 

2.9 

84 

4.8 

Mar.   13 

Mar.  23 

280 

89 

.32 

9.1 

16 

.30 

14 

2.8 

4.3 

.0 

20 

39 

2.0 

1.4 

89 

8.0 

Mar.  24 

Apr.    4 

21 

29 

1.38 

1.9 

4.8 

.06 

30 

7.4 

4.4 

.0 

11 

97 

1.4 

3.8 

155 

5.0 

Apr.     5 

Apr.  14 

7 

11 

1.57 

3.2 

7.2 

.09 

31 

4.2 

10 

.0 

22 

93 

0.9 

6.3 

168 

4.0 

Apr.   15 

Apr.  24 
M^y    4 

35 

46 

1.32 

4.4 

6.2 

.12 

18 

3.8 

9.9 

.0 

23 

46 

1.0 

4.8 

100 

3.9 

Apr.  25 

21 

40 

1.90 

5.8 

11 

.15 

17 

3.0 

8.0 

.0 

26 

36 

.9 

3.4 

90 

4.0 

May     6 

May   14 

13 

•26 

2.00 

2.6 

16 

.10 

17 

3.2 

7.7 

.0 

30 

39 

.8 

2.9 

101 

4.8 

May   15 

May  24 

11 

20 

1.82 

"3.0 

6.2 

.12 

20 

4.0 

17 

.0 

43 

45 

.7 

8.2 

118 

4.4 

May  25 

June    3 

21 

30 

1.43 

2.5 

6.6 

.14 

17 

3.0 

26 

.0 

53 

40 

.6 

14 

134 

4.2 

June    4 

June  14 

20 

31 

1.55 

4.6 

8.4 

.14 

17 

3.0 

7.4 

.0 

25 

41 

1.1 

2.4 

91 

4.2 

June  15 

June  24 

10 

22 

2.-20 

1.4 

7.0 

.10 

20 

4.4 

7.9 

.0 

26 

51 

1.0 

4.1 

107 

3.9 

June  25 

July    6 

3 

25 

8.33 

.3 

7.0 

.06 

32 

6.8 

10 

67.2 

28 

82 

Tr. 

6.0 

166 

3.8 

July     6 
July   16 

July  15 
July  25 

3 
35 

15 
42 

5.00 
1.20 

2.6 
7.9 

8.8 
5.0 

.08 
.22 

38 
21 

62.4 
69.6 

29 
9.0 

99 
41 

.6 
.0 

6.2 
3.8 

186 
98 

3.9 

4.0* 

3.8 

July  27 

Aug.    6 

15 

32 

2.13 

3.5 

4.2 

.06 

24 

4.6 

"6.'7' 

68.4 

13 

50 

Tr. 

6.4 

113 

3.2 

Aug.    6 

Aug.  15 

25 

39 

1.56 

9.6 

6.8 

.11 

12 

.0 

41 

64 

.2 

7.4 

132 

2.6 

Aug.  16 

Aug.  25 

40 

145 

3.63 

8.8 

7.4 

.06 

"-ii" 

'7.'8* 

14 

.0 

48 

91 

1.0 

12 

197 

2.3 

Aug.  26 

Sept.    4 

8 

14 

1.75 

2.1 

.60 

32 

6.4 

.0 

72 

57 

.6 

8.4 

194 

2.3 

Sept.   6 

Sept.  14 

18 

22 

1.22 

1.8 

"n" 

.09 

42 

'26*'" 

.0 

61 

95 

.4 

13 

215 

2.5 

Mean 

28 

29 

1.59 

3.0 

8.2 

.14 

24 

4.6 

9.0 

.0 

36 

58 

.9 

6.4 

130 

Per  ct.  of  anhy- 

drous 

residue.. 

6.4 

C.2 

18.6 

3.6 

7.0 

13.7 

.... 

45.0 

.7 

4.9 

oAnalyses  September  11  to  November  21,  1906,  by  R.  B.  Dole;  November  22,  1906.  to  April  4, 1907,  by 
R.  B.  Dole  and  M.  O.  Roberts;  April  5  to  July  5. 1907,  by  Chase  Palmer,  and  M.  G.  Roberts;  July  6  to  Sep- 
tember 14, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 

6 Abnormal;  computed  as  HCOi  in  the  average. 

cFesOs. 
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SURFACE  WATEBS  EAST  OF  THE  HUNDBEDTH  MEBIDIAN. 


Mineral  analyses  of  water  from  Raritan  River  at  Bound  Brooh,  N.  Jfi 
[Parts  per  million,  unless  othenrfae  stated.] 


Date. 

(1906-7). 


From— 


Sept  10 
Sept.  20 
Sept  30 
Oct.  10 
Oct.  20 
Oct.  30 
Nov.  9 
Nov.  19 
Nov.  30 
Dec.  10 
Dec.  21 
Dec.  31 
Jan.  10 
Jan.  30 
Feb.  10 
Feb.  20 
Mar.  3 
Mar.  13 
Mar.  23 
Apr.  2 
Apr.  12 
Anr.  22 
May  3 
May  13 
May  23 
June  3 
Jime  13 
June  23 
July  3 
July  13 
July  24 
Aug.  3 
Aug.  13 
Aug.  24 
Sept    5 


To- 


Sept.  19 
Sept  29 
Oct.  9 
Oct.  19 
Oct.  29 
Nov.  8 
Nov.  18 
Nov.  29 
Dec.  9 
Dec.  19 
Dec.  30  j 
Jan.  9  < 
Jan.  19 
Feb.  9 
Feb.  19 
Mar.  2 
Mar.  12 
Mar.  22 
Apr.  1 
Apr.  11 
Apr.  21 
May  2 
May  12 
May  22 
June  2 
June  12 
June  21 
July  2 
July  12 
July  23 
Aug  2 
Aug.  12 
Aug.  23 
Sept  3 
Sept  12 


Mean. 
Per  ct.  of  anhy- 
drous residue.. 


9      8.6 
155     88 
42 

8 
32 
13 

91 


10 


16 
4.4 


12  19 

6*  &6 

26  33 

28.  41 


a96  0.1 


45    i 
71    , 

a8 

Tr.   ' 
Tr. 
13 
80!  118 
7       9.2 
10     IS 
5|      4.2 
40>    29 
20;    27     , 


.6: 

.93 
1.25 
1.19 
1.23 

.49 
1.58 
1.10 
1.27 
1.47 
1.22 
1.51 

.16 


45 
8 

18 
5 

18 
130 
272 

25 
8 
7 

45 


52 
15 
17 

a4 

22 
133 
202 

30 

15 

13 

29 


1.18 
1.48 
1.30 
1.50 

.841 

.72 
1.35 
1.16 
1.88 

.94 
1.68 
1.22 
1.02 

.74 
1.20 
1.88) 
1 


2.0 
4.3 

•2  , 
1.4 

.6  ' 

.5 

.15 

.2 

.9 
1.0 
1.4 
1.6 

.4 

.2 

.2 

.8 
3.3 

.4 

.4 

.2 

.8 

.7 
1.6 

.3 

.6 

.2 

.3 
4.7 
7.0 
1.4 


120     79 


.  86     . 6 
.63    1.2 


6 

2 

.661  2.6 


36 


I 


22 
15 
14 
15 
23 
18 
14 
12 
18 
20 
14 
14 

17 
19 
22 
22 
21 
12 
17 
20 
17 
26 
24 
11 

8.2 
10    I 

8.0 
20 

9.6 
13 
10 

8.4 
15  I 
19 


Tr.   14    ; 
0. 5  {  13 
.20   12 
.10;   14 
.20'  13     ; 
.09    12 
.14    12 
.08    11 
.09    13 
.16;  12 
.18    10 
.30     9.6 
.17     9.2 
.10     9. 6 
.08    11 
.09   12 
.10   10 
.20     7.2 
.09     8.2 
.09    11 
.11    10 
.21    10 
.18    10 
.13    11 
.06|  11 
.08.    9.6 
.08:  13 
.03    13 
.111  17 
.18    14 
.05*  17 
.•05    18 
.07,  18 
.16   17 
.7  I  16 


&^  1  Hi  1 


iS 


"I 


5.0  10 
4.6  9. 
4.4     7. 

4.8 
6,2 


6.0     7. 
6.6     7. 


6,2 

6.4 

4.8. 

4.4 

4.2 

2.8 

3.8 

6.2 

5.0 

4.8 

2.6 

4.0 

2.4   11 

3.0   12 

3.4,    9. 

3.6;    9. 

3.8... 

3.6     7. 

3.0   11 


4.4 

a4 

6.2 

11 

2.4 

12 

3.8 

U 

1.8 

12 

1.2,  12 
1.6  14 


0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
•0. 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
,0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


65  10 

57  12 
59    12 

58  13 

56  10 

57  10 
50  12 
52  14 
62  9.9 
50  13 
39    11 

...12 
34  13 
45  10 
52  8. 
52  11 
45  13 
30  11 
38,  10 

43  11 

44  11 

45  11 
44    12 

46  11 
52,    a9 
47!  10 
59:  10 


50'  15 
56   17 


0.8 
1.9 
1.8 
1.8 
1.7 
1.6 
.3 
.6 
2.0i 
1.9 
3.0 
2.1 


3.8, 

4.a 

2.4! 
3.0 
2.1 

2.8, 
3.0^ 
2.9 
2.8 
2.7 
2.7 
2.3 
2.3, 
2.2 
1.7; 


I. 


16 


.15 


18.8>.3 


j    3.9,    9.1       .0 

I     4.6  10.7'  29.6.. 

Ill' 


1.9 


4.6 
4.6 
4.2 
5.3 

ao 
5.3 
5.0 
4.9 
4.7 
4.6 
4.6 
4.6 
5.3 
4.8 
5.9 
5.3 
4.8 
4.1 
3.8 
3.7 
3.8 
3.8 
3.6 
3.5 
3.6 
3.8 
4.2 
4.6' 
4.6 
4.8 
5.4 
4.8 

6.8 
6.4 
6.4 


6.5 


8  h<^ 


102  1.4 

93   1.6 

92  1.8 
89    1.4 

97  1.9 

98  1.6 
K5    1.6 

80  2.0 

93  1.4 

88  2,1 
79   2.0 

73  2.8 
69   3.1 

75  1.8 
S3    1.6 

89  1.4 
82  2.1 
60  4.9 
64,  2.2 

76  1.9 

81  1.8 
8I:  1.8 
9a,  2.2 
86  2.2 

74  1.8 
67  1.7 
81  1.3 
88  1.3 
90^  1.3 
81  1.4 
92  1.1 


1.1 
1.0 
1.4 


85 


a  Analyses  September  9  to  October  29, 1906,  and  from  November  9  to  November  29, 1906,  by  R.  B.  Dole; 
October  30  to  November  8,  1906,  and  from  November  30,  1906,  to  April  1,  1907,  by  R.  B.  Dole  and  M.  O. 
Roberts;  April  2  to  July  2, 1907,  by  Chase  Palmer  and  M.  O.  Roberts;  July  3  to  September  12, 1907,  by 
R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 

^Fe$0^ 
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Mineral  analyses  of  vnUer  from  Red  River  near  Shreveport,  La,*^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date. 
(1907-«). 

1 
1 

T 

i' 

o    . 

1 
a96 

t 

3 

i 

S3 

cs 

t 

t 

1 
i 

is 
1! 

1 

1 

n 

1 

•3 

QQ 

0 

2 

8 

1 

1 

4* 

From— 

To- 

_<»A 

Mar.  19 

Mar.  28 

820 

780 

40 

3.6 

67 

11 

ao 

98 

99 

1.0 

42 

350 

las 

liar.  29 

Apr.    7 

1,050 

910 

.87 

34 

3.2 

38 

19 

.0   122 

67 

.1 

46 

324 

6.0 

Apr.     8 

Apr.   17 

600 

655 

.92 

31 

1.2 

46 

■'48 

.0 

134 

62 

.6 

68 

348 

6.0 

Apr.   18 
Apr-  29 
Hay     9 

Apr.  28 
May    8 

750 

28 

3.4 

38 

.0 

117;    76 

.4] 

49 

318 

3.9 

900 

'"784 

".'87 

26 

3.0 

39 

"27 

.0 

119     71 

.6:    40 

298 

10.6 

May   18 

1,100 

1,284 

1.16 

'40  " 

66 

1.9 

36     6.7 

21 

7.2 

117     24 

1.2     13 

267 

17.0 

May  23 

June    3 

880 

960 

1.09 

27 

36 

.88 

36     6.8 

30 

2.4 

110     39 

1.0     26 

236 

l&O 

June    4 

June  13 

1,160 

1,589 

1.37 

38 

67 

.82 

46 

6.4 

38 

14 

122:    44 

1.2     34 

811 

23.8 

June  14 

June  23 

800 

682 

.73 

22 

28 

.19 

47 

7.7 

38 

Tr. 

130     62 

.6     41 

286 

247 

June  24 

July     4 

1,400 

1,314^    .94 

35 

26 

.14 

73 

13 

74 

.0 

150   128 

.4 

103 

491 

148 

July     5 

July  16 

1,500 

1,800;  1.20 

42 

38 

.56 

78 

16 

74 

9.6 

74   165 

Tr. 

117 

684 

11.1 

July   17 

July  27 

1,600 

1,850 

1.15 

40 

38 

1.8 

57 

10 

42 

4.8 

102 

88 

.5 

76 

377 

10.8 

July  28 

Aug.    7 

1,100 

1,750 

1.59 

25 

47 

.62 

91'  19 

90 

8.4 

166 

162 

.3 

110 

63d 

40 

Aug.    8 

Aug.  17 

290 

300 

1.04 

5.3 

30 

.22 

120  28 

101 

14 

176 

240 

.2 

132'    797 

2.6 

Aug.  19 

Aug.  28 

300 

420 

1.40 

13 

26 

.68 

122;  30 

126 

6.0 

190 

247 

.3 

188!    877 

1.2 

Aug.  29 

Sept.   8 

170 

184 

1.08 

2.9 

39 

.24 

152;  39 

172 

&4 

278 

300 

Tr. 

252,1,131 

.2 

Sept.    9 

Sept.  18 

125 

134 

1.07 

2.7 

40 

.14 

140  39 

148 

.0 

305  271 

.2 

2161,036 

-  .6 

Sept.  19 

Sept.  28 

40 

80 

2.00 

1.3 

33 

Tr. 

221;  56 

436 

.0 

232]  661 

Tr. 

7002.198 

-1.2 

Sept.  30 

Oct.    10 

350 

438 

1.26 

13 

24 

.10 

154  47 

230 

Tr. 

288.  320 

.3 

3391,311 

-  .4 

Oct.    11 

Oct.   22 

2,800 

3.925 

1.40 

160 

9.2 

.5 

97  22 

134 

4.8 

80 

217 

Tr. 

206!    761 

6.3 

Oct.    23 

Nov.    2 

1,600 

1,200 

.75 

4S 

20 

.14 

136  32 

194 

Tr. 

156 

320 

.5 

2921,087 

1.0 

Nov.    3 

Nov.  12 

300 

254 

.86 

12 

20 

Tr. 

126'  26 

131 

12 

212 

228 

.2 

1881    861 

.2 

Nov.  13 

Nov.  23 

1,600 

1,550 

.97 

100 

23 

.15 

126 

30 

197 

7.2 

152 

282 

.5 

292,1,057 

1.3 

Nov.  26 

Dec.     4 

608 

1.19 

27 

13 

.62 

42 

8.3 

40 

12 

85 

62 

Tr. 

65!    276     6.8 

Dec.     5 

Dec.  15 

263 

.81 

16 

18 

.62 

50 

12 

62 

19 

61 

86 

Tr. 

71 

346'    49 

Dec.   16 

Dec.  25 

447 

1.12 

13 

20 

.62 

49 

13 

68 

Tr. 

111 

86 

.2 

78 

367,    6.8 

Dec.  26 

Jan.     4 

1,300 

1,400 

1.08 

60, 

36 

3.6 

38 

4.4 

26 

Tr. 

112 

38 

.8 

24 

240|  12.6 

Jan.     6 

Jan.    15 

425 

616 

1.46 

21 

26 

1.2 

42 

a3 

47 

.0    93 

71 

.5 

65 

315 

10.8 

Jan.    16 

Jan.   25 

300 

377 

1.26 

8.4 

35 

1.3 

31 

4.3 

36 

4.8     83 

41 

.0 

42 

248 

9.0 

Jan.   26 

Feb.     4 

200 

194 

.97 

8.9 

20 

.47 

46 

6.6 

63 

Tr.     88 

82 

.4 

83 

350 

6.0 

Feb.     6 

Feb.  15 

240 

279 

1.16 

8.2 

16 

.6 

39 

6.6 

43 

14    1    61 

64 

Tr. 

56 

273 

7.6 

Feb.  16 

Feb.  29 

960 

1,065 

1.11 

12 

38 

2.8 

34 

4.9 

26 

7.2     93 

39 

.6 

24 

234   13.0 

Mar.     1 

Mar.  10 

240 

260 

1.08 

7.7 

28 

1.6 

34 

6.6 

31 

.0,    95     52 

.3 

36 

237|    9.9 

Mar.  11 

Mar.  19 

800 

660 

.82 

16 

33 

2.4 

37 

5.9 

32 

Tr.|    98 

59 

.2 

38 

277j    8.9 

Mean.... 

790 

870 

1.11 

30 

1.1 

74   17 

90 

4.6 

136 

140 

.4 

121 

661 

Per  ct. 

of  aiihy- 

droui 

tresidile.. 

6.5 

6.3 

13. 6     -T  1 

16.5 

13.1 

26.7 

.0 

22.2 



1 

a  Analyses  March  19  to  May  8, 1907,  by  James  R.  Evans;  May  9  to  March  19, 1907,  by  R.  B.  Dole,  Chase 
Palmer,  and  W.  D.  Collins. 
»FesO|. 
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96  SUKFACE  WATERS  EAST  OF  THE  HUNDREDTH  BiERIDIAK. 

Mineral  analyses  of  water  from  Rio  Grande  River  at  Laredo,  T«.« 
[Parts  per  miUion,  unless  otberwlse  stated.] 


ate. 

1 

O 

OQ 

8 

00 

35 

=1? 

0 

1 
137 

i 

i 

S 

If 
|8 

11 

t 

00 

g 

i 

Total      dissolved 
solids. 

1 

5 

To- 

f 

1 
Aug.     1     Aug.  10 

4,210 

6.0 

18 

104 

9.6 

0.0 

164 

446 

128 

772 

6.7 

Aug.  11      Aug.  20 

3,750 

40 

3.4 

204 

25 

102 

9.9 

.0 

160 

267 

143 

1,090 

7.1 

Aug.  21     Aug.  30 

3,196 

33 

3.0 

117 

14 

118 

7.2 

.0 

166 

202 

111 

664 

6.7 

Aug.  31     Sept.    9 

892 

32 

3.8 

98 

20 

96 

6.2 

.0 

178 

185 

144 

676 

4.8 

Sept.  10     Sept.  20 

4,964 

31 

2.4 

104 

19 

65 

4.9 

.0 

185 

202 

152 

746 

6.S 

Sept.  21     Sept.  30 

3,064 

33 

2.2 

87 

14 

64 

3.6 

.0 

165 

164 

77 

640 

&6 

Oct     1     Oct.    10 

2,872 

33 

2  6 

67 

10 

51 

6.2 

.0 

161 

88 

71 

436  . 

6.9 

Oct.   11  ,  Oct.   20 

2,056 

39 

3  0 

97 

17 

6.6 

.0 

178 

138 

134 

600 

5.3 

Oct.    21  1  Oct.   30 

722 

3d 

4.6 

98 

20 

"164" 

9.6 

.0 

195 

192 

134 

684 

4.2 

Oct.   31     Nov.    9 

354 

762 

836 
864 

3.8 

Nov.  10     Nov.  19 

"22' 

**iT 

"iio' 

"25 

"".0 

190 

233 

'203' 

4.6 

Nov.  20     Nov.  29 

1,222 

27 

3.2 

76 

15 

.0 

163 

155 

139 

612 

6.2 

Nov.  30  1  Dec.    9 

470 

27 

2.6 

108 

26 

"i22 

4.9' 

.0 

176 

252 

182 

904 

4.9 

Dec.   11 

Dee.  19 

1,772 

28 

2.0 

107 

23 

98 

12 

.0 

165 

243 

144 

812 

4.7 

Dec.  20 

Dec.  29 

2,246 

23 

2.6 

87 

18 

72 

4.7 

.0 



191 

113 

612 

6.4 

Dec.  30 

Jan.     8 

606 

24 

3.2 

92 

20 

97 

4.6 

.0 

192 

149 

720  ■ 

4.6 

Jan.     9 

Jan.   18 

396 

26 

4.4 

112 

31 

122 

6.9 

.0 

212 

268 

201 

966  • 

4.0 

Jan.    19 

Jan.   28 

212 

30 

3.6 

149 

35 

153 

6.0 

.0 

245 

298 

240 

1,080  i 

3.8 

Jan.   29 

Feb.    7 

128 

29 

4.0 

142 

35 

142 

3.7 

.0 

185 

330 

241 

1.112 

3.5 

Feb.     8 

Feb.  17 

358 

17 

4.6 

130 

34 

118 

3.1 

.0 

188 

322 

241 

1,072 

4.2 

Feb.  18 

Feb.  27 

754 

23 

2.6 

82 

19 

141 

11 

.0 

126 

192 

82 

668 

6.1 

Feb.  28 

Mar.     9 

562 

25 

1.0 

83 

22 

103 

6.4 

.0 

160 

193 

120 

690  , 

4.4 

Mar.  10 

Mar.  19 

408 

34 

1.8 

104 

29 

143 

3.9 

.0 

254 

916' 

3.6 

Mar.  20 

Mar.  29 

270 

33 

4.0 

112 

34 

147 

ft6.3 

"175 

294 

227 

1,004 

3.1 

Mar.  30 

Apr.     8 

208 

25 

4.0 

105 

28 

145 

...v.'. 

.0 

169 

297 

265 

1,054 

2.9 

Apr.     9 

Apr.   18 

396 

35 

4.0 

107 

38 

190 

.0 

166 

319 

304 

1,040 

3.2 

Apr.   19 

Apr.  28 

406 

27 

3.4 

103 

36 

162 

.0 

159 

310 

292 

1,072 

3.0 

Apr.  29 
May     9 

May     8  !  1.828 

26 

10.2 

131 

38 

205 

'  '8.9" 

.0 

265 

309 

346 

1.304 

4.3 

May  18  ;  5,826 

31 

6.2 

151 

31 

131 

6.9 

.0 

225 

368 

275 

1,094  1 

4.9 

May   19 

May  28 

5,320 

22 

6.8 

83 

27 

81 

6.1 

.0 

204 

168 

121 

580  1 

5.0 

May   29 

June    7 

3,446 

35 

3  2 

85 

20 

89 

4  4 

.0 

170 

210 

154 

752  : 

6.4 

June    8 

June  17 

6,428 

29 

7.0 

89 

25 

86 

5.7 

.0 

172 

193 

115 

654 

4.6 

June  18 

June    2 

6,310 

26 

3.4 

97 

20 

137 

10 

.0 

172 

236 

166 

782  1 

4.2 

June  28 

July    7 

7,726 

19 

1.6 

64 

18 

78 

8.8 

.0 

157 

146 

105 

824 

4-8 

July     8 

July  17 

6,734 

21 

2.4 

68 

12 

65 

6.8 

.0 

171 

112 

103 

480  ; 

7.3 

July  18 

July  27 

6.382 

35 

2.4 

72 

11 

82 

7.4 

613 

150 

116 

74 

466 

8.4 

July  28 

Aug.    2 

5,226 

32 

2.2 

69 

10 

72 

6.3 

66.3 

147 

118 

60 

410  1 

9.5 

Mean.. 

2,475 

29 

3.6 

104 

23 

112 

6.6 

.0 

178 

228 

164 

791  " 

Per  ct.  of  anhy- 

1 

drous 

residue.. 

3.8 

.6 

13.7 

3.0 

14.8 

.9 

11.6 



30.1 

21.6 

i 

a  Analyses  by  W.  H.  Tleileman. 

f>  Abnormal;  computed  as  HCOi  in  the  aTeraea. 
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Mineral  analyses  of  water  from  Roanoke  River  at  Randolph^  Va.<^ 
[Parts  per  million,  unless  otherwise  stated.] 
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Date. 

. 

1 

i 

4.4 

1 

la 

■§ 

•§ 

3 

1 

d 

1 

(19C 
From— 

16-7). 

TO-  i 

1 

t 

s 

GO 

i 

i 

0 

Is 

r 

2.4 

> 

L 

•02 

I 

Sept,   7 

Sept.  16  500 

40 

0.08 

14 

25 

2.6 

10 

6.6 

0.0 

67 

3.6 

0.5 

102 

Sept  17 

Sept  26  300 

56 

.19 

14 

24 

1.6 

8.8 

2.8 

6.9 

.0 

65 

3.8 

2.6 

90 

Sept.  27 

Oct     4  270 

328 

1.22 

15 

16 

1.2 

9.0 

3.2 

6.3 

.0 

48 

4.0 

Tr. 

1.9 

74 

Oct.    10 

Oct   26 

290 

282 

.97 

14 

23 

2.1 

8.4 

2.6 

.0 

46 

3.0 

1.9 

84 

Oct.    26 

Nov.    6 

38 

38 

1  00 

2.6 

19 

.4 

11 

4.4 

'*6:6* 

.0 

69 

4.3 

2.2 

76 

Nov.    6 

Nov.  17 

21 

21 

1.00 

1.2 

22 

.3 

11 

4.4 

7.4 

.0 

61 

4.9 

2.6 

80 

Nov.  18 

Nov.  27   350 

272 

.78 

15 

23 

1.3 

8.8 

3.8 

7.2 

.0 

60 

6.7 

1.9 

82 

Dec.     1 

Dec.   15 

17 

19 

1.12 

1.4 

29 

.4 

11 

4.6 

2.8 

.0 

61 

4.4 

2.9 

87 

Dec.   16 

Dec.  27 

156 

7.7 

20 

1.0 

9.2 

3.8 

3.9 

.0 

60 

4.3 

2.6 

76 

Dec.  28 

Jan.     6 

139 

7.3 

19 

1.6 

8.8 

3.6 

6.4 

.0 

66 

4.1 

2.3 

72 

Jan.     7 

Jan.   16 

'26* 

39 

i.'w' 

1.9 

23 

.6 

9.4 

3.8 

2.6 

.0 

52 

4.6 

!6 

2.4 

60 

Jan.   17 

Jan.   26 

23 

23 

1.00 

2.1 

25 

.6 

10 

4.0 

4.6 

.0 

54 

4.6 

.4 

2.9 

81 

Jan.   27 

Feb.     6 

26 

24 

.02 

2.3 

18 

.6 

9.6 

3.6 

3.2 

.0 

51 

4.1 

.3 

2.6 

68 

Feb.    6 

Mar.    2 

60 

63 

1.05 

3.9 

13 

.6 

9.4 

2.8 

4.4 

.0 

46 

4.8 

.3 

2.2 

62 

Mar.    3 

Mar.  12 

192 

7.7 

25 

1.0 

8.8 

3.2 

7.2 

.0 

44 

4.8 

1.0 

1.3 

87 

Mar.  13 

Mar.  25 

29' 

63 

"2.17 

1.6 

17 

.10 

8.4 

2.6 

7.1 

68.2 

34 

4.3 

.0 

1.7 

66 

Mar.  26 

Apr.     4 

•65 

77 

1.18 

2.1 

13 

.32 

9.8 

3.0 

7.6 

.0 

61 

4.8 

.2 

2.0 

64 

Apr.    5 

Apr.  14 

171 

139 

.81 

6  5 

24 

1.0 

9.6 

3.2 

7.6 

.0 

60 

4.9 

1.0 

1.4 

83 

Apr.  19 

Apr.  2» 
May  12 

290 

238 

.82 

18 

28 

1.0 

10 

3.4 

7.2 

.0 

65 

5.1 

1.0 

2.2 

91 

Apr.  30 

400 

327 

.82 

16 

22 

1.0 

9.6 

3.2 

8.5 

.0 

68 

4.1 

.6 

2.6 

85 

Mean. 

160 

127" 

7.7 

21 

.96 

9.6 

3.6 

6.9 

.0 

63 

4.4 

.5 

2.2 

79 

Per  ct. 

of  anhy- 

drouf 

\  residue. . 

28.2 

cl.8 

12.8 

4.7 

7.9 

35.1 

6.9 

.7 

3.0 

a  Analyses  September  7  to  November  27, 1906,  by  R.  B.  Doie;  December  1. 1906.  to  April  4, 1907,  by  R.  B. 
Dole  and  M.  0.  Roberts;  Aprii  5  to  May  12, 1907  Jby  Chase  Palmer  and  M.  0.  Roberts. 
b  Abnormal;  computed  as  UCOi  in  the  avera^ 
cFeaOs. 


8464— IBB  236—09- 


Digitized  by  VjOOQIC 


98 


SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDIAN. 


Mineral  analyses  ofvxiterfrom  St.  Lawrence  River  at  Ogdensburg^  N,  y.<» 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 


Sept.  18. 
Oct.  18.. 
Nov.  18. 
Dec.  24.. 
Jan.  18.. 
Mar.  18.. 
Apr.  23.. 
M:ay22.. 
June  18.. 
July  20.. 
Aug.  18.. 


Mean 

Per  ct.  of  anhy- 
drous residue. 


4.5 


Tr. 


ao6 

.03 
.05 
.04 
.04 
.05 
.05 
.06 
.05 
.03 
.04 


fr .  1  ,  23. 6 


6.9 
6.6 
7.3 
7.1 
7.4 
7.3 
7.7 
7.6 
6.9 
7.4 
7.3 


7.2 
5.5 


6.2 
6.7 
6.1 
5.7 
6.9 
5.4 
7.3 

as 

6.1 
5.8 
6.1 


6.3 
4.8 


SO 

r 


4.2 
3.7 
4.2 
Tr. 
3.6 
Tr. 
2.5 
4.0 
0.0 
4.4 
4.8 


2.9 
45.7 


1. 


114 
115 
114 
123 
117 
120 
116 
113 
118 
112 
111 


I. 


Tr. 
Tr. 
a6 
.45 
.25 
.25 
.15 
.15 
.8 


12  0.3 

9.2  0.2 


7.7 
7.2 
7.6 
7.6 
7.8 
7.7 
7.3 
7.2 
7.9 
8.6 
8.3 


■^2 
-1 


134 


244.93 
244.68 
244.62 
244  54 

24&ao 

24&42 
24&32 
245-74 
24&05 
246.12 
245.90 


a  Analyses  by  R.  B.  Dole  and  M.  O.  Roberts. 
b  FesOa. 

Mineral  analyses  of  water  from  Saluda  River  near  Columbia^  S.  C.o 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 

1 

1 

a 

1 

a 

1 

o   . 

ll 

e 

t 
1 

4 

SI 

1 
1. 

ll 

1 

J. 

^§ 

PQ 

1 
1.. 

4 
t 

1 

5 

1 

1 

> 

•O^B 

From— 

To- 

6 

1 

ft 

Oct.   27 
Nov.    6 
Nov.  17 
Nov.  29 
Dec.     9 
Jan.     4 
Jan.    16 
Jan.   26 
Feb.     5 
Feb.  15 
Feb.  25 
Mar.  15 
Mar.  25 
Apr.     4 
Apr.  14 
Apr.  24 

Nov.    5 
Nov.  16 
Nov.  28 
Dec.    8 
Dec.   19 
Jan.    15 
Jan.    25 
Feb.     4 
Feb.  14 
Feb.  24 
Mar.  14 
Mar.  24 
Apr.     3 
Apr.  13 
Apr.  23 
Siay     3 

70 
95 
40 
35 
85 
25 
45 
60 
70 
55 
05 
45 
18 
15 
250 
185 

35 
30 
21 
18 
60 
17 
34 
46 
55 
33 
48 
40 
17 
12 
230 
166 

aso 

.32 
.52 
.51 
.71 
.68 
.76 
.77 
.78 
.60 
.74 
.89 
.94 
.80 
.92 
.90 

23 
26 
23 
20 
20 
32 
19 
17 
27 
15 
18 
21 
19 
20 
20 
22 

1.0 
.8 
.6 
.30 
.6 
.20 
.40 
.20 
.30 
.20 
.20 
.10 
.10 

.5" 
.30 

6.3 
4.2 
9.1 

10 
3.9 

11 

12 
8.4 
7.2 
9.6 

10 
9.6 

10 

10 
7.5 

ao 

0.8 

Tr. 
1.2 
1.6 
Tr. 
2.0 
2.4 
1.2 
.8 
Tr. 
1.2 
1.6 
1.2 
1.6 
2.8 
2.4 

ao 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

27 

'34' 
30 

"44' 
44 

29 
24 
29 
34 
34 
34 
34 
32 
24 

as 
.5 
.5 

.7 

.8 
.5 
.5 
.3 
.3 
.1 
.6 
.4 
.4 
.4 
.3 
.4 

4.0 
4.0 
1.0 
2.0 
2.2 
2.5 
2.5 
5.0 
4.0 
3.5 
4.5 
3.0 
45 
&0 
45 
40 

63 
65 
68 
70 
48 
80 
66 
60 
67 
50 
62 
64 
60 
71 
67 
65 

1.4 
1.5 
1.7 
42 
&2 
5l6 
3.6 
3.8 
45 
3.2 
3.6 
2.1 
2.0 
2.7 
2.6 
&2 

Mean 

Per  ct.  of  anhy- 
drous residua  « . 

72 

54  ,    .71 

21 
33.6 

.38 
/.9 

8.4 
13.5 

1.3 
2.1 

66.0 
9.6 

.0 

26.0 

33 

c&O 

8.0 

.43 

.7 

3.6 
5.6 

62 

.... 

a  Analyses  by  J.  R.  Evans. 

h  Fluctuates  between  1  and  10  parts;  average  value  about  6  parts. 

c  Fluctuates  between  trace  ana  10  parts;  average  value  about  5  parts. 

d  Gaging  station  at  Chappells,  8.  C,  60  miles  above. 

«  Approximate. 

/  FetOi. 
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Mineral  analyses  of  water  from  Savannah  River  near  Augusta,  Qa.^ 
[Parts  per  mlUlon,  unless  otherwise  stated.] 


Date 
(190&-7). 

2 
45 

"3 
S 

QQ 

33 

1 

|« 
0.73 

t 

1 

21 

1 

t 
6.4 

.    1 

\ 
1.2, 

If 

1^ 

ii 

I 

1 

-2s 

1. 

u 

1 

3.0 

1 
-J' 

♦* 
o 

66 

ii 

From— 

To- 

1 

1 

Oct.  25 

Nov.    3 

0.0 

27 

0.1 

9.6 

Nov.    4 

Nov.  13 

40 

17 

.42 

28 

0.20 

a2 

Tr.  1 

.0 

24 

.6 

3.0 

77 

9.0 

Nov.  14 

Nov.  23 

35 

12 

.34 

32 

.30 

4.4 

Tr 

.0 

17 

.7 

1.6 

69 

10.4 

Nov.  24 

Dec.     3 

40 

17 

.42 

32 

.20 

4.9 

Tr 

.0 

20 

.8 

1.6 

64 

9.2 

Dec.     4 

Dec.  13 

55 

20 

.36 

34 

.30 

6.4 

3.2 

.0 

22 

.6 

1.8 

74 

9.6 

Dec.   14 

Dec.  23 

65 

22 

.34 

31 

.30 

62 

2  8 

.0 

23 

.6 

2.0 

72 

10.8 

Dec.  24 

Jan.     2 

85 

55 

.66 

36 

.40 

39 

Tr.    

.0 

16 



.a 

3.0 

78 

11.0 

Jan.     3 

Jan.    12 

(iO 

46 

.77 

24 

.7 

3.9 

1.61 

.0 

17 

.8 

2.5 

64 

11.2 

Jan.    13 

Jan.    22 

le 

10 

.62 

17 

.40 

6.0 

4.8 

.0 

27 

.8 

3.0 

60 

9.3 

Jan.    23 

Feb.    2 

60     41 

.68 

30 

.40 

8  2 

2.8 

.0 

34 

.4 

3.6 

70 

9.3 

Feb.     3 

Feb.  12 

150 

127 

.85 

23 

.7 

6.4 

.8 

.0 

20 

.9 

3.0 

53 

14.2 

Feb.  13 

Feb.  22 

20 

17 

.85 

13 

1.2 

7.6 

1.2 

.0 

24 

.e 

3.0 

52 

9.2 

Mar.  13 

Mar.  22 

22 

15 

.68 

12 

.9 

6.6 

Tr. 

.0 

20 

.6 

2.8 

42 

9.4 

Mar.  23 

Apr.     1 

15 

14 

.93 

20 

.9 

8.4 

Tr. 

.0 

27 

.6 

3.0 

55 

8.4 

Apr.    2 

Apr.  11 

45 

42 

.93 

23 

1.2 

8.4 

Tr. 

.0 

27 

.3 

2.5 

59 

8.5 

Apr.  12 

Apr.  21 
May    1 

210 

205 

.98' 

26 

1.4 

7.6 

Tr. 

.0 

24 



.3 

1.5 

52 

8.4 

Apr.  22 

340 

316 

.93 

20 

1.6 

6.6 

Tr. 



.0 

19 

.4!    3.0 

42 

11.6 

May     2 

May  11 

265!  248 

.94 

17 

1.8 

7  2 

1.6 

.0 

24 

.2 

3.0 

45 

9.6 

May  12 

May  22 

45 

38 

.84 

3.2 

37 

.22 

5.fl 

.4 

is 

.0 

60 

&6 

.8 

1.7 

9C 

8.3 

May  23 

June    1 

130 

142 

1.09 

6  2 

31 

.20 

6  2 

.4 

13 

59.6 

27 

6.7 

.7 

1.8 

78 

8.3 

June    2 

June  11 

175 

259 

1.65 

14 

21 

.64 

4.9 

.4 

11 

&7.2 

17 

6.1 

.7 

1.4 

61 

9.8 

June  12 

June  21 

300 

231 

.77 

9.6 

17 

.08 

6.1 

.2 

12 

«>Tr. 

36 

6.6 

1.1'    1.4 

61 

8  2 

June  22 

July    3 

425 

338 

.79 

14 

16 

.06 

6  1 

<      .4 

11 

6Tr. 

37 

6.8 

1.6     1.6 

64 

&8 

July     4 

July  13 

315 

255 

.81 

9.4 

25 

.20 

60 

.7 

12 

67.2 

24 

5.5 

.2 

1.4 

67 

7.7 

July  14 

July  23 

425 

446 

1.05 

18 

30 

.26 

6  0 

12 

614 

9.8 

7.3 

.9 

1.2 

76 

8.4 

July  24 

Aug.    3 

400 

419 

1.05 

14 

14 

.04 

4  7 

.4 

13 

69.6 

22 

7.4 

.0 

Tr. 

63 

7.6 

Aug.    4 

Aug.  13 

675 

424 

.74 

46 

15 

Tr. 

6.1 

.6   11 

.0 

32 

6.8 

3.0 

1.8 

53 

7.4 

Aug.  14 

Aug.  23 

475 

318 

.67 

28 

16 

,04 

6.1 

.6   10 

6  3.6 

30 

6.7 

.3 

1.7 

6e 

9.5 

Aug.  24 

Sept.   2 

16C 

75 

.47 

7.9 

22 

Tr. 

6.C 

.6   13 

.0 

40 

6.0 

1.0 

20 

63 

6  6 

Sept.    3 

Sept.  12 

27C 

159 

.58 

11 

18 

.04 

6.C 

.4   11 

.0 

34 

6.3 

1.0 

2.2 

58,    6.8 

Sept.  13 

Sept.  22 

20C 

72     .36 

9.3 

19 

.00 

6.C 

.5    12 

.0 

40 

6.8 

.7 

2.2 

641    6.1 

Sept.  23 

Oct.     2 

30C 

299   l.OC 

21 

14 

.04 

6.C 

.3 

9.2 

.0 

33 

4.9 

.0 

1.6 

49;  10.9 

Oct.     3 

Oct.    12 

65 

59.    .91 

6.6 

16 

Tr. 

4.6 

.4 

9.6 

.0 

32 

4.7 

.7 

1.9 

63     6.3 

Oct    13 

Oct.   22 

25 

25 

1.00 

2.4 

21 

.00 

6.3 

.5 

11 

62.4 

32 

6.0 

.0 

1.8 

61     6.3 

Mean. 

172 

142 

.77 



23 

.44 

6.7 

i      •* 

12 

.0 

30 

6.0 

.6 

2.1 

60    .     . 

Perct. 

of  anhy- 

1 

drous  residiiA. . 



36.0 

C.9 

8.7 

,    12 

18.3 

22.6 

9.1 

1.0 

3.2 

a  Analyses  October  25, 1906,  to  May  11, 1907,  by  J.  R.  Evans;  May  12  to  October  22, 1907,  by  R.  B.  Dole, 
Chase  Palmer,  and  W.  D.  Collins. 
6  Abnormal;  computed  as  UCOi  In  the  average. 
cFeaO^. 
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Mineral  cmalyses  of  water  from  Shenandoah  River  at  MillvUle^  W.  Va,<^ 
[Parts  per  milUon,  unless  otherwise  stated.] 


Sept.  12 
Sept.  22 
Oct.  2 
Oct.  12 
Oct  22 
Nov.  1 
Nov.  11 
Nov.  21 
Dec.  1 
Dec.  11 
Dec.  21 
Dec.  31 
Jan.  11 
Jan.  21 
Jan.  31 
Feb.  10 
Feb.  20 
Mar.  2 
Mar.  12 
Mar.  22 
Apr.  1 
Apr.  11 
Apr.  21 
M:ay  1 
May  12 
May  22 
June  1 
June  11 
June  21 
July  I 
July  11 
July  21 
Aug.  1 
Aug.  11 
Aug.  21 
Aug.  31 


Mean 
Per  ct.  of  anhy- 
drous residue 


a  Analyses  September  12  to  December  10, 1906,  by  R.  B.  Dole;  December  11, 1906,  to  March  31, 1907,  by 
R.  B.  Dole  and  M.  G.  Roberta;  April  1  to  June  30,  1907,  by  ihase  Palmer  and  M.  Q.  Roberts;  July  1  to 
September  9, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  CoUlns. 

6  FetO 
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Mineral  analyses  of  vxiter  from  Lake  Superior  at  Sault  Ste.  Marie,  MichM 
[Parts  per  million,  unless  otherwise  stat^nl.] 


^ 

"2 

a^ 

1 

18 

1 

1 

1 

Date 
(1906^7). 

^ 

1 

t 

1 

S 

ft 

1. 
It 

CQ 

-o^ 

M 

1 

QQ 

CG 

1 

i 

^ 

1 

1^ 

59 

S 

I 

i 

>t.22 

2 

11 

0.09 

13 

3.2 

3.9 

0.0 

4.1 

0.25 

1.0 

63 

602.95 

t.22 

1 
2 

8.7 
5.9 

.03 
.04 

13 
13 

3.1 
2.9 

3.5 
2.0 

.0 
.0 

56 
54 

3.8 
1.8 

.25 
.45 

1.2 
1.4 

61 
54 

602.84 

V.22 

602.66 

C.20 

Tr. 

7.2 

.08 

13 

2.9 

3.6 

.0 

55 

1.8 

.30 

1.3 

58 

602.45 

1.22 

Tr. 

4.7 

.03 

13 

2.9 

2.0 

.0  ;    55 

1.6 

.45 

1.2 

53 

602.22 

r.22 

3 
1 
3 

12 
12 

4.8 

.04 
.11 
.09 

13 
13 
13 

3.2 
3.1 
3.0 

5.1 
3.5 
3.0 

.0       55 

1.7 
1.5 
1.5 

.35 
.30 
.55 

1.1 
1.0 
1.0 

57 

602.06 

•r.  20 

.0 
.0 

56 
52 

601.94 

ly  23 

602.10 

ae22 

3 

4.6 
5.7 

.04 
.05 

14 
12 

3.2 
3.0 

3.3 

2.8 

.0 
.0 

59 
58 

1.7 
1.5 

1.2 
1.2 

1.2 
1.0 

59 
55 

602.55 

Iy22 

2   .... 

602.70 

ig.22 

6   .... 

6.3 

.05 

13 

3.1 

2.9 

.0      60 

1.6 

.50 

1.1 

66 

602.93 

tfean 

2    Tr. 

7.4 

.06 

13 

3.1 

3.2 

.0  1     56 

2.1 

.5 

1.1 

60 

Per  ct.  of  anhy- 

1 

drous  residue.. 

12.7 

C.2 

22.4 

5.3 

5.5 

47.5 

3.6 

.9 

1.9 

1 

a  Analyses  by  R.  B.  Dole  and  M.  G.  Roberts. 

b  Gaging  station  at  Marquette,  Mich.,  160  miles  west. 
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•    Mineral  analyses  of  water  from  Susqtiehanna  River  at  West  PUiston,  Pa,<^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date. 
(1906^7). 

1 

1 

OQ 

1 

IS 

1 
i 

1 

i 

1 

i 

k 

1 

1 
1 

»5 

1 
1. 

•^•» 

From— 

To- 

IN 
U 

II 
1 

Oct,   28 

Nov.    7 

5 

3.8 

0.76 

0.3 

12 

0.04 

15 

2.4 

4.1 

0.0 

61 

8.2 

0.3 

3.1 

79 

5.U 

Nov.    8 

Nov.  16 

3 

0.6 

.20 

1.0 

10 

.03 

16 

3.0 

4.7 

.0 

62     8.1 

.4 

3.0 

77 

4.24 

Nov.  28 

Dec.    7 

8 

8  2 

1.02 

.4 

8.4 

.03 

15 

2. 8     4. 4 

.0 

56:    8.6 

1.0 

20 

72 

5  33 

Dec.     8 

Dec.  17 

37 

41 

1.11 

1.4 

10 

.13 

16 

2.0 

6.5 

.0 

68 

12 

3  0 

4.1 

79 

8.11 

Dec.   19 

Dec.  28 

12 

18 

1.50 

.9 

8.4 

.14 

16 

1.6 

6.5 

.0 

68 

11 

2  0 

4.1 

76 

&80 

Dec.  29 

Jan.     7 

150 

145 

.97 

5.1 

10 

.21 

12 

1.4 

6.6 

.0 

47 

10 

3.0 

3.6 

6811.50 

Jan.     8 

Jan.    18 

27 

42 

1.55 

1.5 

10 

.19 

13 

1.6 

5.0 

.0 

38   15 

3  6 

3.6 

70  10. 10 

Jan.    19 

Jan.   29 

21 

34 

1.62 

1.5 

8  0 

.16 

14 

1.6 

5.5 

.0 

46   13 

3.0 

3.4 

69  10. 10 

Jan.   30 

Feb.  10 

2 

4.6 

2.30 

.6 

8.8 

.14 

19 

2.4'    5.4 

.0 

54 

18 

6.0 

4.6 

89 

8.20 

Feb.  11 

Feb.  20 

2 

2.8 

1.40 

.3 

16 

.10 

20 

2.6 

6.6 

.0 

72 

13 

4  0 

4.6 

95 

5  60 

Feb.  21 

Mar.     3 

2 

5.8 

2.90 

.4 

8  2 

.12 

22 

3  2 

7.4 

C2.9 

81 

12 

2  2 

60 

100 

4  10 

Mar.    4 

Mar.  13 

2 

4.2 

2.10 

.7 

9.0 

.10 

3.2 

.0 

83 

12 

32 

6  9 

103 

3.40 

Mar.  14 

Mar.  23 

65 

59 

.91 

2.6 

12 

.13 

"12 

2.6 

"  *6.'8 

7.2     25 

10 

2.6  2  2 

69 

10  90 

Mar.  24 

Apr.    2 

33 

33 

1.00 

1.8 

5.4 

.13 

10 

2.0 

.0     26 

11 

1.61  1.4 

50 

11.80 

Apr.    3 

Apr.  14 

8 

20 

2.50 

.9 

12 

.21 

16 

2.2 

*  *6.'8 

.0     56 

9  2 

2  0  3.6 

82 

6  40 

Apr.  15 

Apr.  24 
May    4 

4.2 

.4 

14 

.19 

21 

3.4 

6.3 

.0.... 

17 

2  0  4  2 

98 

6  10 

Apr.  25 
May    5 

"43 

77 

"i.'TO 

1.5 

15 

.22 

24 

3.9 

5.8 

.0.... 

18 

1.5  4  8 

102 

10  40 

May  14 

1 

10 

10.00 

.5 

18 

.15 

26 

6  0 

9.0 

.01    96 

18 

17   42 

134 

7.50 

May  15 

May  24 

2 

20 

10.00 

.3 

9.2 

.29 

12 

4.2 

9.0 

e4.8!    36 

18 

.0  5  0 

80 

5  00 

May  25 

June    3 

2 

15 

7.60 

.3 

6.4 

.15 

4.2 

9.1 

e4.8:    35 

19 

Tr.   5  0 

82 

4.70 

June    4 

June  13 

3 

36 

12.00 

.4 

12 

.27 

'"'i4 

4  2 

8  2 

e4.8 

43 

20 

Tr.i  5.0 

91 

4.80 

June  14 

June  23 

1 

18 

18  00 

.2 

10 

.17 

12 

4.2 

7.1 

eU 

27 

17 

Tr.,  6.0 

80 

3  60 

June  24 

July    3 

2 

27 

13.60 

.3 

3.4 

.06 

14 

46 

11 

.0 

64 

20 

Tr. 

7.0 

86 

3.60 

July    4 
July  14 
July  25 

July  13 
July  24 
Aug.    4 

Tr. 
Tr. 
Tr. 

3.0 

23 
14 

7.8 

.05 
.06 
.06 

26 
27 
26 

5  8 

6  2 
4.4 

11 
3.8 
35 

.0 
.0 
.0 

98 
'*82 

21 
17 
14 

.8 
1.0 

.8 

66 
4.6 
4  6 

148 
117 

108 

400 

6.2 

4  00 

5.4 

..... 

3  30 

Aug.    6 
Aug.  16 

Aug.  15 
Aug.  25 

Tr. 
Tr. 

3.4 
3.2 

9  0 
6.4 

.05 
.05 

24 
25 

4  8 
6.6 

4  6 
3.3 

.0 
.0 

85 
85 

11 
11 

.8 
.4 

4  6 
4  6 

106 
100 

2  70 

2.40 

Aug.  27 

Sept.   6 

8 

11 

**i.'38 

14 

.11 

26 

2.9 

9.1 

.0 

95 

12 

.3 

6  4 

120 

2.30 

Sept.    7 

Sept.  16 

18 

19 

1.06 

8.4 

.15 

20 

4.0 

3  5 

.0 

66 

13 

.3 

4.6 

91 

500 

Sept.  17 
Sept.  27 

Sept.  26 
Oct.     9 

Tr. 
5 

7.0 
7.6 

80 
13 

.06 
.06 

17 
20 

30 
1.8 

5  5 

.0 
.0 

61 
67 

14 
13 

10 
Tr. 

22 
3.6 

85 
97 

4  10 

'*i.52 

**.*3 

4.90 

Oct.   10 

Oct.  22 

3 

16 

5.33 

.7 

4  0 

.06 

17 

2.9 

■i.'9 

.0 

65 

9.7 

.5 

2.4 

71 

6  30 

Mean.. 

~* 

22 

4  00 

1.0 

10 

.12 

18 

3.4 

6.3 

.0 

63 

14 

1.5 

4.2 

90 

Perct, 

of  ai^y- 

1 

droua 

residiM. . 

11.3 

d,2 

20.4 

3.8 

7.1 

35.0 

15.8 

1.7 

4.7 

1 

■"■■| 

■■'■| 

a  Analyses  October  28. 1906,  to  April  2, 1907,  by  R.  B.  Dole  and  M.  O.  Roberts;  April  3  to  July  3, 1907. 
by  Chase  Palmer  and  M.  O.  Roberts;  July  4  to  October  22, 1007>  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D. 
Collins. 

t  Q aging  station  at  Wllkes-Barre.  Pa.,  10  miles  above. 

e  Abnormal;  computed  as  IlCOt.  in  the  average. 

dFesO*. 
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Mineral  analyses  of  water  from  Susquehanna  River  at  WilHavrisport,  Pa.*^ 
[Parts  per  million,  unless  otherwise  stated.] 


o  Analyses  September  21  to  October  31, 1906,  by  R.  B.  Dole;  November  1, 1906,  to  March  13, 1907.  by 
R.B.  Dole  and  M.G.Roberts;  March  14  to  April  3, 1907,  by  M.O.Roberts;  ApriM  to  July3,  1907,  by  Chase 
Pahnerand  M.  O.  Roberts;  Julv  4  to  October  11, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 

h  Abnormal;  computed  as  liCOa  in  the  average. 

cFetO,. 
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Mineral  anahf»es  of  waUrfrom  Su9qu^nna  Rivfr  at  DanvUU,  Pa,<* 
[Pftrto  per  mimon,  onleM  otherwise  sUted.] 


Date 

i 

i 
1 

1 

& 
1 

1 

02 

15.0 
1*^ 

i 

1 

7$ 

.S 

1 
1. 

d 
1 

53 

• 
0 

r- 

a2 

.8. 

nlved 
height 

From— 

To- 

^1  ^^ 

00       u 

1 

i.t 

i  'i  ^ 
M   1 

Sept.  10 

Seot.  2D 

3 

4 

0.^ 
Tr. 

7.2 
11 

ao  « 
.0  55 

42,  124    2.50 
49  141    2.40 

Sept.  21     Sept.  30 

1.6  a  40 

fr'. 

2i6 

6.2 

Oct.     1     Oct.   10 

22 
5 

18        .82 
6       1.20 

a4 

.1 

6.4 

Tr. 
Tr. 

5.0)    8.7] 

5.2^    8.2 

.0     48 
.0     47 

35 

2g 

.4 

1-5 

4  3i  10!)    2.79 

Oct.   11  1  Oct.  20 

is" 

5.0 

9ft    2.90 

Oct.  21  \  Oct.  31 

29 

61     :  2. 10 

2.3 

7.0 

.05i  18 

5.6.    8.0 

.0    67 

17 

1.3 

48 

98    5.01 

Nov.    1  '  Nov.  10 

ft 

8.0  1.00 

.3 

6.0 

.06  13 

2.61    6.6 

.0     45 

.0 

3.1 

73    471 

Nov.  11     Nov.  20 

» 

7.8     .871 

.3 

6.0 

.05   16        3.4    7.2       .0    56 

22 

Tr. 

47 

88^    3.96 

Nov.  21     Nov.  30 

19 

40      2.10 

1.8 

.6 

8.8 

.1ft  12        2.8     6.5      .0     41 

13 

.3 

2.Z    64    6ul2 

Dec.     1     Dec.  10 

13 

14       1.06 

7  6 

.09  17         4.0    8.4       .0     51 

24 

Z6 

5-8,    92    5.25 

Dec.  n     Dec.  21 

19 

21       1.10 

1.0 

9.6 

.10  15        3.6     8.2       .0     50 

Z& 

5.3:    86    5.75 

Dec.  23     Jan.     1 

22 

23       1.04 

.8 

14 

.10  19        5.4    9.4      .0    52 

^ 

5.6 

8w6|  112    483 

Jan.     2  1  Jan.   11 

53 

80       1.51 

Zl 

6.4 

.19     9.4    3.0     4  7       .0     28 

13 

ZO 

2.a 

55  10  52 

Jan.   12    Jan.  21 

41 

18         .44 

1.5 

15 

.26  15        40  16     M4        40 

22 

3.0 

5.8 

121.   7.14 

Jan.  22 

Jan.   81 

ft 

13       1.63 

.9 

23 

.10  30     ...         9.8       .0    76 

42 

11 

16 

17ft    6.10 

Feb.    1 

Feb.  11 

12 

2.2     .18 

.7 

8.0 

.06  27         6.0  10          .0    68 

39 

7.2 

12 

140    3.94 

Feb.  13 

Feb.  22 

15 

4.4     .29 

.7 

5.2 

.06  32         7.2   12      64ft     67 

40 

7.2 

13 

152    3.28 

Feb.  23 

Mar.    4 

& 

2.2     .37 

.3 

11 

.06  25        6.4     8.0,      .0     61 

41 

3.6 

6.5   134 

Mar.    5 

Mar.  14 

30 

30       1.00 

1.0 

9.0 

.05  26        6.4   12    ,      .0     66 

7.0 

9.  ft'  142    4  38 

Mar.  15 

Mar.  24 

55 

71       1.29 

3.0 

15 

.15     6.4     1.4     49j      .0     24| 
.12   11        2.2    5.4       .0     34 

10 

1.9 

2.4]    56    9.70 
3.41    62    9.24 

Mar.  25 

Apr.    3 

19 

26    .  1.37 

1.4 

6.4 

14 

ZO 

Apr.    4 

Apr.  13 

10 

12    ,  1.20 

.5 

6.0 

.08  »        2.8    9.8  68.4     43 

22 

5.3 

10       104    5.26 

Apr.  14 

iS^yl 

11 

13       1. 18 

.6 

12 

.08   19        2.2   11    ,6Tr.     44 
.13   12         1.0    8.2^      .0     43 

22 

5.2 

9.4     99    5.18 

Apr.  24 
May     4 

42 

54       1.28 

1.9 

12 

14 

8.1 

5.3     76    7.82 

May  13 

1ft 

19       1.06 

.8 

12 

.10,  18        1.4i    8.0 

.0,    4ft 

18 

3.0 

7.01    95    6.37 
9.6)  108    495 

May  14 

May  23 

•     ft 

9.4 

1.18 

.5 

9.6 

.06^  19    :     1.6 
.181  22    1     1.6 

13 

.0     5ft 

20 

6.1 

May  24 

June    2 

40 

43 

1.08 

1.0 

1*  J 

12 

.0,    65 

21 

5.1 

9.4{ 

120    410 

June    3 

June  12 

3 

5.2 

1.73 

.3 

7.i 

.031  19    1     1.2 

8.8 

.0     4ft 

21 

6.2 

11 

100    4  36 

June  13 

June  22 

3 

5.2 

1.73 

.2 

6.2 

.05^ 

25 

40 

13 

.0    65 

30 

6.2 

14 

138    3.41 

June  23 

July    2 

40 

39 

.97 

.4 

4.0 

.03 

23 

5.6 

5.7 

.0.... 

32 

3.7 

12 

126    3.19 

July    3 

July  12 

8 

34 

4.25 

.8 

6.0 

.06 

21 

48 

7.9 

.a    51 

31 

2.8 

10 

116    3.86 

July  13 

July  23 

8 

21 

2.62 

.5 

4.2 

.06 

23 

5.6 

5.2 

.0? 

55 

32 

l.ft 
l.ft 

10 

121    3.68 

July  24 

Aug.    2 

1 

16 

16.00 

.3 

4.8 

.06 

22 

5.0 

9.9 

66.0 

41 

37 

11 

122    3u08 

Aug.    3 

AUg.  12 

Tr. 

4.8 

.2 

4.0 

.05 

28 

6.8 

9.0 

.0 

60 

47 

3.0 

11 

143    2.50 

Aug.  13 

Aug.  22 

Tr. 

4.6 

.2 

4.0 

.05 

32 

9.8 

7.7 

.0 

62 

63 

8.0 

13 

17a   2.24 

Aug.  23 

Sept.    1 

Tr. 

9.0 

.1 

2.8 

.04 

34    '  10 

U 

66.0 

5() 

71 

2.9 

18 

177    2.13 

Sept.    2 

Sept.  11 

' 

10 

i.*43 

.4 

.12 

35 

11 

9.0 

.0 

79 

71 

Z9 

11 

....    2.52 

Mean 

16 

21 

1.73 

.8 

a7 

.09 

21 

46 

8.9 

.0;     54 

31 

8.0 

&1 

112 

Per  ct.  of  anhy- 

1 

drous 

residue. . 

7.7 

e.l 

1^7 

41 

7.9 

23.7... 

27.6 

7.2 

o  Analyses  September  10  to  November  30, 1906,  by  R.  B.  Dole;  December  1,  1906,  to  April  3,  1907,  by 
R.  B.  Dole  and  M.  O.  Roberts;  April  4  to  July2, 1907,  by  Chase  Palmerand  M.  O.  Roberts;  July3  to  Septem 
ber  11,  1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 

6  Abnormal;  computed  as  HCOt  in  the  average. 

«Fe»0». 
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Mineral  analyses  of  water  from  Tennessee  River  near  Knoxville,  Tenn.^ 
[  Parts  per  mUUon,  unless  otherwise  stated.] 


Date 
(1906-7). 


From- 


Oct.  26 
Nov.  6 
Nov.  16 
Nov.  25 
Dec.  6 
Dec.  16 
Dec.  31 
Jan.  10 
Jan.  20 
Jan.  30 
Feb.  25 
Mar.  8 
Mar.  18 
Mar.  28 
Apr.  7 
Apr.  17 
Apr.  27 
May  7 
May  15 
May  25 
June  4 
June  14 
June  24 
July  4 
July  14 
Aug.  4 
Aug.  14 
Aug.  24 
Sept.  3 
Sept.  14 
Sept  30 
Oct.    16 


To- 


Nov.  4 
Nov.  14 
Nov.  24 
Dec.  4 
Dec.  15 
Dec.  30 
Jan.  9 
Jan.  10 
Jan.  29 
Feb.  8 
Mar.  7 
Mar.  17 
Mar.  27 
Apr.  6 
Apr.  16 
Apr.  26 
May  6 
May  14 
May  24 
June  3 
June  13 
June  23 
July  3 
July  13 
July  24 
Aug.  13 
Aug.  23 
Sept.  2 
Sept.  13 
Sept.  28 
Oct.  15 
Oct.   26 


48 
75 
280 
300 
215 
105 
80 
25 
25 
55 
45 
60 
276 
240 
136 
155 
170 
105 
55 
85 
325 
335 
460 
267 
310 
360 
425 
400 
286 
700 
110 
20 


Mean.. 204 

Per  ct.  of  anhy- 
drous residue. 


|a44 
.87 
.76 
.66 
.81 
.75, 
.80 
.64 
.60 
.60 
.71 


156 


1.01 
06 

1.15 
84 

1.06 
.71 
.38 

1.09 
.63 
.83 
.97 
.63 
.42 
.60 
.41 
.72 
.74 

2.26 


.81 


I   . 


9.1 

7.2 
11 

6.1 
18 

3.8 
.9 


25 
21.0 


0.40 
.6 
.8 
.9 
.7 
.10 
.30 
.20 
.20 
.40 
.10 
.40 
.20 
.20 
.30 
.20 
.30 
.20 
.20 
.40 
.6 
.40 
.30 
.40 
.40 
1.4 
1.1 
1.4 
1.0 
1.9 
1.1 
.08 


1.6 


3.6 
4.0 
2.8 
2.8 
1.2 
1.2 
2.0 
3.6 
2.4 
3.2 
6.4 


316 
4.4 

5.5 
5.7 
4.3 
4.7 
6.0 
4.8 
6.0 
5.6 
5.3 
6.9 
6.4 
6.7 
6.6 
7.4 


54      22     4.3 
f.6     18.4     3.6 


-oi '  *^^  50  ^^ 

335    20  'gh-    ^O 

^  gu  Sc-  <s® 


1^1 


CQ       CO 


12 


0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
I    .0 


7.9 


8.24 
7.2 
9.1 
6.9 
10 
6.6 
3.8 
6.6 


.0 
.0 
.0 
.0 
.0 
Tr.6 
Tr.6 
e»3.6 
63.6 
Tr.6 
M.8 
M.8 


8.2      .0 
6.9  35.6 


4.3 
5.0 
6.8 
4.9 
7.2 
6.6 
8.1 
6.9 
6.6 
7.1 
7.1 
8.4 
6.2 
6.6 


86     6.4 
...    5.4 


s5 


1 


6.0 

12* 
12 
10 
18 

7.0 
10 
12 

4.5 

6.5 
11 

8.5 
10 

6.6 

9.0 

7.5  I 

6.5  \ 
10 
11 
10 

6.0 

7.t) 

9.6 

7.0 
11 

9.6 
11 
17 
13 
14 

5.8 


111 


2.6 
1.9 
128  8.4 
124  3.4 
131  2.4 
136  4.2 
106  6.8 
118  2.8 
96  2.8 
99  3.0 
103  4.5 
114  5.7 
136  3.4 
136  2.8 
133  '  4.4 
106  I  3.9 
99  3.9 
5.1 
2.4 
2.3 
6.9 
6.6 
2.9 
2.0 
3.3 
1.8 
1.7 
1.7 
1.8 
3.1 
1.7 
0.8 


9.6  ,  122  .... 

I    I 
8.0  


•  Analyses  October  26, 1906,  to  May  14, 1907,  by  Jas.  R.  Evans;  May  15  to  July  24, 1907,  by  W.  D.  Collins; 
August  4  to  October  26, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins, 
fr  Abnormal;  computed  as  HCOs  in  the  average. 
cFesOs. 
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106        SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MERIDUN, 

Mineral  analyses  o/tvater/rom  Tennessee  River  near  Gilhertsville,  Ky.^ 
[Parts  per  millioD,  unless  otherwise  stated.] 


From— 


s 

i; 

X 

•o 

c 

fi 

^ 

^ 

d 

H 

CO 

Jo     8 

a  ,1 


20 


40  I  35  0. 87 
290  258 
225  186 
205  1161 
125  I  94 
270  ;245 

30  21 
I  35  19 
190  158 

95  74 
380  '290 

170  142 
210  |185 

40  I  32 
210  196 

80  I  75 

115  124  1.08 

105  '  96  .91 

175  172 

90  143 

50  57 

125  109 

250  201 

140  135 

160  100 

115  76 
75  (  91 
85  80 
80  1  82 

190  1 106 

290  170 

375  1 184 
40  94 


Mean 

Per  ct.  of  anhy- 
drous residue . 


.59 
1.14 
.87 
.80 
.96 
.62 


1.21 
.94 

1.02 
.56 
.59 
.49 

2.35 


153  127  I  .90 


30 
28 
36 
31 
15 
28 
26 
12 
27 
17 
26 
22 
38 
21 
32 
16 
18 
16 
...... 

11 
6.6 
8.8 

14 

11 

15 

12 

11 

15 

20 

27 

19 

12 


0.8 
.6 
.40 
.6 
.30 
.40 
.40 
.20 
.40 
.30 
.40 
.10 
.20 
.20 
.20 
.40 
.30 
.20 
1.0 
.20 
.17 
.40 

'.'30 
.28 
.21 
.05 
.29 
.28 
.6 
1.0 
1.2 
.08 


20   ,  .39 
19.6  d.6 


2.8 
2.5 
4.8 

20  4.9 
26  ;  3.8 

21  2.2 
21  '5.6 
24  5.2 


21 

21  I 

24  I 

21 

21 

19 

20 


19  4.1 
18.6  I  4.0 


Is 

li 


5.7 
9.2 
5.4 
8.6 
3.8 
7.5 
10 


6.7 
10 

6.1 

5.4 
12 

9.4 


1  ^-' 

1. 
1 

9 

1 

0.0  1  56 

0.4 

.0  51 

.8 

.0 

49 

.8 

.0 

54 

1.0 

.0 

61 

.7 

.0 

61 

1.1 

.0 

71 

1.2 

.0 

76 

.5 

.0  .... 

1.0 

.0  68 

.4 

.0  54 

.3 

.0  64 

.3 

.0  '  88 

.7 

.0  1  68 

.3 

.0  1  73 

.1 

.0  '  68 



1.3 

.0  ,  73 

1.1 

.0  '  73 

1.0 

.0  1  61 

12 

1.8 

.0  73 

13 

2.2 

.0  73 

11 

1^. 

.0  72 

12 

4.0 

.0  93 

11 

3.1 

.0  82 

12 

2.1 

.0 

82 

13 

1.8 

.0 

87 

13 

1.8 

.0 

14 

1.9 

.0 

76 

14 

2.7 

.0 

88 

9.6 

0.5 

.0 

87 

7.9 

2.0 

.0 

90 

7.1 

1.2 

C4.8 

71 

7.4 

1.1 

e3.6 

72 

6.4 

Tr. 

.0 

72 

11 

1.2 

34.8 

10.8 

1.2 

9b 

112 
82 
90 
90 
1.0  1106 

1.4  ,112 
2.3  01 

4.8  Ill4 

2.2  103 

1.9  102 
2.9  118 
4.0  I... 

2.5  95 

4.3  1107 
4.0  112 
4.2  'l08 
4.8  121 
6.0  107 
3.0  89 


0.0 
0.6 
15.4 
&1 
1L2 
l&ft 

las 

12.9 
18.0 

las 

7.3 
22.3 
19.2 
12.8 
7.4 
0.2 

lao 

17.6 
17.0 
7.0 
8.4 
10.8 
6.3 
4.6 
5.3 
3.7 
3.4 
3.4 

ai 

3.3 
6.5 
4.1 
2.5 


3.0  ilOl 

i 

2.9    .... 


a  Analyses  October  24,  1906,  to  May  12,  1907,  by  J.  R.  Evans;  May  14  to  September  11, 1907,  by  Walton 
Van  Winkle;  Septemljer  12  lo  ()etol)er  24,  1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 
b  Gaging  station  at  Johnsonville,  Tenn.,  80  miles  above. 
<^  Abnormal;  computed  as  HCOa  in  the  average. 
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Mineral  analyses  ofvmUrfrom  Tombighee  River  near  Epes^  Ala,<^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date 

(190fr-7). 

•5 

1 

1 

t 

i 

1 

^ 

a 

5^ 

11 

9 

SO 

J. 

•• 

.2 
Si 

1. 

i 

1 

0   . 

SI 
^1 

|sii 

II 

From—       To— 

1 

x> 

1 

^^  \l 

1 

i 

1 

1 

|8 

^ 

b. 

1 

-3 

1 

^ 

CO 

U      1    H 

m 

U 

M 

o 

«    « 

y^ 

U     H 

21 

Oct.  24 

Nov.    2 

95 

61 

0.64  1 

37 

0.40 

12 

2.8 

0.0 

49' 

0.4 

3.5     95 

3.7 

Nov.   3 

Nov.  12 

85 

60 

.70    

34 

.20 

11 

2.8 

.0 

46  , 

.3 

3.0  1  85 

1.9 

Nov.  13 

Nov.  22 

90 

88 

.98  i 

23 

.9 

17 

2.4 

.0 

71  1 

.3 

2.5  ,104 

4.1 

Nov.  23 

Dec.     2 

90 

58 

.64  1 

36 

.30 

Tr. 

.0 

2.0  ,  71 

9.8 

Dec.    3 

Dec.   12 

85 

54 

.63  1 

32 

.40 

Tr. 

.0 

.4 

1.5     68 

5.3 

Dec.  13 

Dec.  22 

95 

64 

.67    

27 

.20 

Tr. 

.0 

.6 

1.8  '  57 

10.7 

Dec.  23 

Jan.     1 

135 

105 

.78  I 

40 

.40 

22 

2.4 

.0 

76 

.5 

5.0   129 

11.2 

Jan.    2 

Jan.    14 
Jan.   24 

55 
30 

39 
19 

.71  1 

.63    

20 
19 

.40 

.8 

16 
18 

.0 
.0 

73 
61 

.4 
.3 

4.0  jlOO 
4.5     93 

1?  5 

Jan.  15 

2.0 

7.0 

Jan.  25 

Feb.    3 

145 

100 

.69  1 

33 

.20 

21 

1.6 

0 

61 

.3 

3.5  '102 

10.5 

Feb.    4 

Feb.  13 

130 

99 

.76! 

22 

.6 

12 

1.2 

j     .0 

41 

.8 

2.2  t  75 

31.1 

Feb.  14 

Feb.  24 

8 

5.6 

.70    

9.6 

.10 

12 

Tr. 

1     .0 

39 

.5 

3.8  i  51 

7.8 

Feb.  25 

Mar.    9 

380 

310 

.82  ' 

31 

.40 

22 

2.4 

0 

68 

.2 

3.0    118 

28.0 

Mar.  11 

Mar.  20 

85 

64 

.75  1 

19 

.40 

14 

3.2 

.0 

51 

.4 

2.5 

73 

20.6 

Mar.  21 

Mar.  30 

55 

48 

.87    

21 

.40 

18 

5.2 

.0 

66 

.6 

3.5 

88 

8.4 

Mar.  31     Apr.  13 

140 

156 

1.12    

26 

.30 

17 

2.8 

.0 

56 

.3 

3.5 

92 

5.8 

Apr.  14  1  Apr.  23 

320 

300 

.94    

28 

.8 

20 

2.4 

.0 

68 

.4 

3.5 

97 

9.4 

Apr.  24  '  May     3 

450 

415 

.92    

33 

.9 

22 

2.4 

.0 

73 

.2 

4.0 

104 

12.3 

May    4  '  May   13   120 

95 

.79    

21 

1.0 

20 

1.6 

.0 

61 

.1 

3.5 

88 

31.2 

May  14 

May  24   180 

118 

.66     7.0 

15 

1.0 

20 

1.9 

8.5 

.0 

79 

6.2 

.0 

1.8 

94 

33.8 

May  25 

June    3  |300 

179 

.60   10 

1.6 

21 

2.6 

12 

.0 

93 

5.9 

Tr. 

1.8 

21.6 

June   4 

June  20  1220 
July     2  1200 

129 

.59     7.9 

23 

1.0 

22 

1.9 

8.2 

.0 

72 

6.4 

Tr. 

1.8 

104 

12.1 

June  22 

252 
147 

.97     8.8 
.73     8.8 

30 
39 

.52 
1.0 

11 
11 

.0 
.0 

90 
94 

6.6 
7.1 

Tr. 
Tr. 

2.4 
2.6 

127 
129 

4  3 

July    3 

July   12 

200 

2.0 

3.5 

July  13 

July  22 

45 

46 

1.02  1  2.4 

27 

1.0 

23 

1.8 

12 

.0 

83 

6.7 

Tr. 

3;  2 

119 

2.9 

July  23 

Aug.    1 

35 

28 

.80     2.4 

25 

1.2 

19 

1.6 

10 

.0 

5.9 

Tr. 

1.8 

96 

2.4 

Aug.   2 

Aug.  11 

60 

30 

.50     3.7 

20 

1.0 

18 

1.5 

11 

.0 

7.9 

.2 

4.2 

95 

1.7 

.\ug.  12 

Aug.  21 

100 

78 

.78  1  3.3 

23 

.32 

21 

.9 

11 

.0 

75 

5.7 

1.7 

2.6 

102 

1.6 

Aug.  22 

Aug.  31 

90 

47 

..52  i  3.5 

29 

1.0 

22 

.8 

11 

.0 

82 

6.1 

1.5 

2.4 

115 

2.0 

Sept. 14 

Sept.  24 

20 

20 

1.00 

1.5 

16 

.52 

21 

.9  ;    8.8 

.0 

73 

4.8 

1.4 

3.4 

94 

.7 

Sept  .25 

Oct.     4 

50 

60 

1.20 

1.5 

23 

.33 

18 

1.5  ,  12 

.0     71 

5.2 

1.3 

3.0 

98     1.4 

Oct.    5 

Oct.    14 

20 

25 

1.25 

1.3 

10 

.24 

16 

1.0  1    7.9 

.0  1  50 

6.7 

5.0 

2.6 

71  1     .9 

Oct.  15  1  Oct.  24 

10 

16 

1.60 

1.1 

18 

.98 

13 

1.2  1    7.6 

.0  1  46 

6.5 

1.2 

3.0 

73  '  1.0 

Mean. 
Perot 

126 

100 

.82    

25 

.63 

18 

1.8     10 

.0  1  67 

6.3 

.6     .S.O 

94    .... 

of  anhy- 

drou 

s  residue. . 

25.4 

'■» 

18.3 

1.8  1  10.1 

33.5  1 

6.4 

.6 

3.0 

1 1 

a  Analyses  October  24, 1906.  to  May  13,  1907,  by  J.  R.  Evans;  May  14  to  October  14,  1907,  by  R.  B.  Dole, 
Chase  Palmer,  and  W.  D.  Collins. 
bFeiOa. 
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SURFACE  WATERS  EAST  OP  THE  HtTNDREDTH  MERIDIAH. 

Mineral  analy$e$  of  water  from  Waba$h  River  near  Logansport,  Ind.^            1 

[Part^per  milUon,  unless  otberwiae  stated.] 

i 

Date 

1 

1 

1 

U 

5i 

1        'V 

(1906-7). 

1 

1 

S 

i 

5 

i 

11 

II 

it 

^-  ^  U 

1 

From— 

To- 

1 

1 

1 

i 

QQ 

1 

1 

1 

Blcarl 
oil 

Sulph 

ii 

Sept   9 

Sept.  18 

106 

80 

0.76 

...... 

0.15 

66 

62 

382 

*7.9 

190        83 

ao 

^ii 

Sept.  19 

Sept.  29 

60 

31 

.62 

Tr. 

102 

60 

.0 

299  ,      97 

.0 

Sept.  30 
Oct.   12 

Oct.     9 

20 

18 

.90 

17 

.10 

109 

63 

.0 

242 

100 

.0 

7S\3 

Oct.  21 

10 

3.6 

.36 

8.0 

.10 

117 

68 

'434 

.0 

258 

114 

Tr   *  06  1 1 

Oct.  22 

Oct.  81 

10 

6.0 

.60 

9.6 

.20 

128 

77 

473 

.0 

276 

101 

.0  '  9U    1 

Nov.    I 

Nov.  10 

10 

7.2 

.72 

10 

.10 

112 

478 

.0 

314 

112 

4     99  •  ] 

Not.  11 

Nov.  20 

10 

7.4 

.74 

13 

.08 

133 

"74 

461 

.0 

317 

138 

.0    sm  1 

Nov.  21 

Nov.  30 

125 

128 

1.02 

11 

.20 

91 

33 

169 

.0 

206 

93 

18       \3» 

Dec.     1 

Dec.  10 

160 

128 

.86 

19 

.40 

77 

36 

112 

.0 

218 

97 

11     1  ai 

Dec.  11 

Dec.  21 

146   140 

.97 

22 

.85 

68 

25 

61 

.0 

166 

75 

11           114 

Dec.  22 

Dec.  31 

60  I39 

.78 

17 

.20 

92 

36 

106 

.0 

250 

102 

IS        o^ 

Jan.     1 

Jan.    10 

296  1270 

.92 

29 

48 

16 

34        .0 

127 

61 

9.7       S 

Jan.    12 

Jan.   20 

240 

206 

.86 

21 

*i.*2  " 

62 

17 

28        .0 

144  .       44 

13           S 

Jan.  21 

Jan.   30 

280 

161 

.67 

27 

1.2 

62 

17 

33        .0 

160 

52 

5.6       41 

Jan.  31 

Feb.    9 

10 

4.4 

.44 

8.4 

.10 

97 

36 

97  i      .0 

298 

99 

6-4    ns 

Feb.  10 

Feb.  20 

Tr. 

Tr. 

16 

Tr. 

102 

36 

119  1      .0 

292 

M 

6.0 

2S 

Feb.  21 

Mar.    3 

10 

4.0 

*.*46" 

10 

Tr. 

94 

36 

116  1      .0 

278 

111 

8.4 

aM 

Mar.    4 

Mar.  13 

370 

286 

.77 

6.4 

.06 

83 

34 

118  1      .0 

88 

7.3 

2S»t 

Mar.  14 

Mar.  23 

650 

436 

.67 

38 

1.2 

43 

16 

22  .      .0 

iie" 

46 

16 

3S 

Mar.  24 

Apr.    3 

146 

86 

.60 

12 

.25 

67 

19 

38        .0 

187 

00 

4.4 

m     : 

Apr.    4 

Apr.  14 

30 

18 

.60 

10 

.20 

60 

25 

83 

.0 

240 

76 

6.7 

IS 

Apr.  16 

Apr.  25 
May     7 
May  17 
May  28 

6 

Tr. 

8.0 

.22 

33 

98 

.0 

258 

87 

7.9 

222 

Apr.  26 
May    8 

10 
8 
20 

10 
6.0 

.07 
.04 
.04 

87 
90 

36 
32 
33 

116 
98 

.0 
.0 
.0 

234 
242 
280 

80 
89 
8S 

3.3 
4.3 
4.1 

2B     ' 

m 

May  18 

28** 

*i.*46' 

May  29 

June    7 

90 

99 

1.10 

'  *9.*8" 

.30 

66 

22 

*"» 

.0 

195 

60 

6.1 

w 

June    8 

June  18 

160  166 

1.03 

18 

.16 

67 

18 

31 

.0 

194 

42 

7.5 

0 

June  19 

June  28 

230  208 

.90 

11 

.16 

61 

20 

53 

.0 

207 

53 

5.0 

m    < 

June  29 

July    8 

60     52 

1.04 

11 

.05 

88 

29 

.0 

277 

«3 

4.4 

m    ! 

July  10 

July  21 

900  802 

.89 

14 

.10 

63 

20 

**62 

.0 

195 

50 

8.8 

»    ' 

July  22 

July  31 

140  !ll6 

.82 

11 

.08 

67 

22 

63 

.0 

239 

56        2.9 

s 

Aug.    1 

Aug.  10 

60  1116 

2.32 

11 

.06 

84 

33 

102 

.0 

288 

64  ;     2.2 

IT4 

Aug.  U 

Aug.  20 

85  1  74 

.87 

9.0 

.06 

85 

36 

106 

.0 

292 

73 

1.8 

2M 

Aug.  21 

Aug.  30 

75 

66 

.88 

20 

.05 

89 

44 

178 

.0 

296 

80 

1-8 

311 

Aug.  31 

Sept.   9 

76 

84 

1.12 

9.8 

.08 

67 

24 

94 

.0 

217 

48 

3.5 

UO 

Mean. 
Perct 

132 

117 

.85 

14 

.23 

82 

86 

142 

.0 

234 

79 

5.9 

1 

of  anhy- 

drou^nvddtiA. 

1.8 

e.O 

10.7 

4.6 

18.6 

16.1 

10.3 

.8 

1^1- 

oAnalyses  September  9,  1906,  to  February  9,  1907.  by  W.  M.  Barr;  February  10  to  XMch  3. 1 
H.  S.  Spaulding;  March  4  to  September  9, 1907,  by  Walton  Van  Winkle.      • 
ft  Abnormal;  computed  as  HCOt  In  the  average. 
cFeiO*. 


Digitized  by  VjOOQ IC 


ANALYTICAL  BESULTS, 


109 


Mineral  analyses  of  water  from  Wabash  River  at  VincenneSy  Ind,^ 
[Parts  per  miUion,  unless  otlierwlse  stated.] 


Sept.  9 
Sept.  20 
Oct.  2 
Oct.  17 
Oct.  31 
Nov.  14 
Nov.  25 
Dec.  5 
Dec.  15 
Dec.  26 
Jan.  7 
Jan.  18 
Jan.  28 
Feb.  7 
Feb.  19 
BCar.  1 
Mar.  11 
BCar.  26 
Apr.  16 
Apr.  27 
tfay  10 
Hay  20 
June  3 
June  14 
June  27 
July  8 
July  19 
Aug.  1 
Aug.  15 
Aug.  27 
Sept.    7 


Sept.  19 
Oct.  1 
Oct.  16 
Oct.  30 
Nov.  13 
Nov.  24 
Dec.  4 
Dec.  15 
Dec.  25 
Jan.  5 
Jan.  17 
Jan.  27 
Feb.  6 
Feb.  18 
Feb.  28 
Mar.  10 
Mar.  25 
Apr.  15 
Apr.  24 
Hay  8 
May  19 
June  1 
June  13 
June  26 
July  7 
July  18 
July  31 
Aug.  14 
Aug.  26 
Sept.  6 
Sept.  16 


190  ,214 
170  '122 
315  194 
120 


52 
28 
36 
624 
70 
43 
76 
187 
656 
195  305 
170  221 
300  381 
280  270 
300  1409 
450  567 
130  156 
80  |246 
30  I  81 


Mean 

<  Per  ct.  of  anhy- 
drous residue. . 


.57 
1.52 
2  20 
1.54 
1.56 
1.30 
1.27 

.97 
1.36 
1.26 
1.20 
3.07 
2.70 


O 

i 

8.0 
5.4 

12 

12 

10 

11 

12 
I  5.2 
I  12 

13 

15 

30 

18 

12 

12 

15 

36 

16 
I  9.0 

10 
I  6.4 
I  3.0 
5.6 

14 

16 
i  12 
I  16 

H 

13 
9.2 

28 


172  193  ,  1.20  ,  13 


63 
.40  ,  64 


.9 
.10 
.06 
.15 
1.8  ' 
.18, 
.09  ' 
.28 
.17 
.21 
.01 
.05 
.20 


20  I  62 
.02   53 


.01  I 
.09 
.04 
.01 


62 


I, 


li 


46 
49 
31 
54 

30  ,  60 

27  1 

20 

18 

16 

22 

16 


.24   61 


3.9  c,i     18.4 


36 
19 
21 
19 
12 
8.1 
12 


I 
?. 

So 

o 

0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


25 
7.5 


.0 
34.1 


18.  5 


232 
254 
232 
266 
279 
246 
200 
188 
196 
209 


220 
255 
252 
206 
253 
262 
264 
241 


r 

3 

OQ 


147 

39 

168 

264 

78 

255 

60 

256 

72 

171 

46 

216 

246 

6i 

228 

61 

264 

57 

192 

46 

230  ,  55 
16.6 


2d 
I- 


1.3 
1.3 
4.4 

4.4 

1.8 
2.2 

11 

16 

18 
5.3 

13 
6.5 
6.1 
8.1 
8.8 
8.5 
6.1 
7.8 
7.9 
6.9 
.8 
6.6 

16 

11 
7.5 
.9 
3.5 
2.0 
1.9 
1.1 
1.1 


6.4 
2.0 


84 

90 

60. 

89 
104 

84 

53 

29 

26 

21 

13 
8.3 
8.8 

24 

30 

28 

21 

16 

27 

37 

27 

14 

15 

33 

20 

24 

14 

13 

20 

26 

43 


10.8 


-8 


421 
436 
376 
470 
504 
436 
360 
322 
330 
307 
232 
209 
242 
348 
358 
356 
287 
288 
339 
350 
335 
268 
295 
329 
317 
316 
283 
311 
302 
322 
362 


1.6 
1.3 
2.3 
1.4 
1.1 
3  9 
9  1 
89 
13.2 
10.5 
22.8 
23.3 
19.4 
7.0 
6.0 
6.4 
18.6 
8.0 
6.3 
7.9 
6.9 
6.8 
15.8 
7.2 
6.0 
6.6 
8.2 
4.3 
3.8 
3.8 
3.7 


336  , 


a  Analyses  September  9,  1906,  to  February  6,  1907,  by  W.  M.  Barr;  February  7  to  28, 1907,  by  H.  8. 
Spaulding;  March  1  to  September  16, 1907,  by  Walton  Van  Winkle. 
b  Gaging  station  at  Mount  Carmel,  III.,  30  miles  below. 
cFeiOi. 
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110       SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  MEBIDU5. 

Mineral  analyses  of  water  from  WaUree  River  near  Camden^  S.  C« 
(Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 


From- 


Oct.  21 
Nov.  1 
Nov.  11 
Nov.  21 
Dec.  2 
Dec.  14 
Dec.  25 
Jan.  4 
Jan.  16 
Jan.  26 
Feb.  6 
Feb.  16 
Feb.  27 
Mar.  10 
Ifar.  20 
Mar.  30 
Apr.  9 
Apr.  19 
Apr.  29 
my  10 
May  20 
Blay  31 
June  10 
June  20 
Juno  30 
July  10 
July  20 
July  30 
Aug.  10 
Aug.  24 
Sept.  4 
Sept.  15 
Sept.  25 
Oct.  15 


To— 


"I 


Oct.  30  I  70 
Nov.  10  I  55 
Nov.  20  45 
Dec.  1  75 
Dec.  13 
24 


85 


3  125 
14  \  75 
25  10 
'  35 
35 


Dec. 
Jan. 
Jan. 
Jan. 
Feb.  4 
Feb.  15 
Feb.  26 
Mar.  8 
Mar.  19 
Mar.  29  105 
Apr.  8  35 
Apr.  18  1  15 
Apr.  28  80 
May  9  75 
May  19  140 
May  30  325 
June  9  500 
June  19  600 
June  29  ,500 
July  9  '730 
July  19  566 
July  29  960 
Aug.  9  i960 
Aug.  20  ,475 
Sept.  3  '525 
Sept.  14  400 
Sept.  24  .150 
Oct.  4  550 
Oct.  25  !  45 


65 

13 

21 

28 

25 

50 

62 

62 
7.0 

24 

29 

48 

65 

51 

94 

34 

14 

99 

84 

94 
254 
546 
720 
544 
619 
494 
606 
606 
421 
406 
231 
284 
530 

40 


Mean. 
Per  ct.  of  anhy- 
drous residue 


I- 


259 


214 


0.93 
.24 
.47 
.37 
.42 
.59 
.50 
.83 
.70 
.68 
.83 
.80 
.81 
.78 
.90 
.97 


1.24 

1.12 

.67 

.78 

1.09 

1.20 

1.09 

.85 

.87 

.63 

9.6 

.63 

11 

.89 

21 

.77 

18 

.58 

15 

.81 

10 

.96 

24 

.89 

2.2 

.79 


i' ° 


0.5 
I    .9 

-  -.1 
'  :lo 

I    .40 

.10 

i    .30 

.30 

.10 

.20 

.10 

.20 

.20 

.20 

.30 

.20 

62.8 

«>3.2 

63.2 

63.0 

64.0 

64.0 

62.0 

.03 

.40 

.07 

.06 

.04 

.04 

Tr. 


1  ^ 
.'37.9 

I 


6.8 
5.5 
4.7 
6.0 
5.5 
6.2 

*i*2 

'8.6 
8.8 
0.6 
8.4 

'9.2 

10 
7.2 
6.0 
5.5 
6.1 
7.3 
4.5 
4.9 
4.9 
6.3 
6.5 
5.3 
5.8 
5.6 
5.0 
5.5 
8.0 
3.1 
6.1 


.28       6.3 
e.6  '    9.5 


1^ 

ll 


I 

SO 


V 


1. 


Ma 


VPm- 


li;5 


10 
6.1 
3.5 
6.3 
7.5 

U 

11 

a7 

11 

8.8 
12 

7.6 
12 


33 

22 

"22Y 
22  I. 
24  - 
37  I. 


.01 
.0 


39   

32  ! 

30   

32   

27   

46    

29   

34    

29   

22  .... 
22     Tr. 

47  I  2.0 
43     4.3 

35  5.6 
37  ■  6.6 
35  I  1.8 

37  5.9 
41     5  4 

40  I  43 
40  '  4.6 
39     4  4 

38  4.1 
39;  4  4 

5  4 
4  6 
4.3 


I'.l- 


—        -    5 


ai  2-5 

Tr. '  46 

.4  s@ 


.S  10 
.g|iO 
.1  19 
.91* 
.1  IJ 
.4  40 
.3  4  6 
.8  1.2 
.6    2  0 


.1  4S 
.2  4« 
.4  JO 
.3    21 


8.4 


12.7  25.4 


.0     34 


.2  30 

.2  2  5 

.7  19 

.7  1  * 

.5  14 

.6  22 

.3  li 

Tr.  14 

.5  I  22 

Tr.  2  2 


»  • 

ft*  * 

e  :  ' 

♦  • 
«  »• 
m  •: 
lU  N 
»  :■ 

i»  *• 

1*  * 

TU  • 

•  :- 
a  * 

«4  • 

m  I 
4* 


4.2 


.4,lS*n^ 
.6    42 


a  Analvses  October  21,  1906,  to  May  9, 1907,  by  Jas.  R.  Evans;  May  10  to  July  19,  IWT,  by  *• 
Collins;  ^uly  20  to  October  25, 1907,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  CoUins. 
6  Omitted  from  average, 
c  FejO,. 
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ANALYTICAIi  BESULT8. 


Ill 


Mineral  analyses  of  water  from  East  Fork  of  White  River  near  Azalia^  Ind.^ 
[Parts  per  million,  unless  otherwise  stated.] 


Date 
(1906-7). 


Ffom- 


Sept.  12 
Sept.  24 
Oct.  6 
Oct.  16 
Ocf.  26 
Nov.  5 
Nov.  17 
Nov.  28 
Dec.  8 
Dec.  19 
Dec.  29 
Jan.  8 
Jan.  18 
Jan.  28 
Feb.  8 
Feb.  18 
Feb.  28 
Mar.  11 
Mar.  21 
Mar.  31 
Apr.  10 
Apr.  21 
Apr.  30 
May  10 
May  22 
June  1 
June  12 
June  24 
July  4 
July  15 
July  25 
Aug.  4 
Aug.  14 
Aug.  25 
Sept.  4 
Sept.  14 
Sept.  24 


To- 


Sept.  23 
Oct.  3 
Oct.  16 
Oct.  25 
Nov.  4 
Nov.  16 
Nov.  27 
Dec.  7 
Deo.  18 
Dec.  28 
Jan.  7 
Jan.  17 
Jan.  27 
Feb.  7 
Feb.  17 
Feb.  27 
Mar.  10 
Mar.  20 
Mar.  30 
Apr.  9 
Apr.  19 
Apr.  29 
May  9 
May  21 
May  31 
June  11 
June  23 
July  3 
July  14 
July  24 
Aug.  3 
Aug.  13 
Aug.  24 
Sept.  3 
Sept.  13 
Sept.  23 
Oct.     3 


Mean. 
Per  ct.  of  anhy- 
drous residue. 


25 
55 
25 
10 
10 
5 
95 
25 
40 
10 

125 
70 

120 
5 
5 
5 
50 

220 
30 
10 
3 
20 
10 
75 

105 

245 
60 
10 

245 
75 
50 
10 
10 
10 
5 
30 
25 


52 


03 


22 
61 
29 
14 

9.2 

Tr. 
98 
26 
39 

3.2 
114 
32 
67 

Tr. 

7.6 

2.0 
53 
155 
32 

Tr. 

Tr. 
31 

Tr. 
62 
94 
240 
93 

Tr. 
213 
78 


47 
14 
28 
Tr. 
30 
26 


48 


0.88 
1.11 
1.16 
1.40 
.92 


1.03 
1.04 
.98 
.32 
.91 
.46 
.56 


1.52 
.40 

1.06 
.70 

1.07 


1.55 

".93 

.90 

.98 

1.55 


.87 
1.04 


4.70 
1.40 
2.80 


1.00 
1.04 


1.18  15 
5.  J 


29 
13 
18 
9.6 
13 
15 
11 
18 
22 
13 
21 
16 
16 
22 
12 
15 
15 
21 
11 
10 
11 
6.6 
8.0 
6.8 
9.0 
14 
25 
15 
13 
15 
13 
13 
18 
12 
14 
16 
21 


Tr. 
0.10 
.10 
Tr. 
Tr. 
.05 
.30 
.05 
.10 
.05 
1.2 
Tr. 
.40 
Tr. 
.10 
Tr. 
Tr. 
.8 
.15 
.10 
.05 
.20 
.01 
.04 
.16 
.25 
.20 
.01 
.35 
.12 
.08 
.01 
Tr. 
.10 
.01 
Tr. 
Tr. 


.14 


56 
64 
66 
63 
70 
53 
67 
62 
66 
42 
45 
43 
70 
79 
68 
60 
42 
64 
60 
58 
56 
59 

*58' 
54 
64 
66 
58 
64 
67 
72 


61 
21.5 


^i 


SZ 


8.6 
7.6 

15 

12 

16 

13 

12 


13 
5.6 
7.5 
4.8 
6.3 


11 
9.4 

11 
7.9 
5.6 
7.6 
7.8 
6.7 
6.2 
5.9 
5.9 
5.2 
7.3 
9.2 

13 

12 

14 


9.2 
13 
11 
12 


9.5 
3.3 


I. 

sd 

r 


0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

0  8.4 

612 


.0 
48.0 


268 
290 
300 
319 
316 
225 
307 
266 
303 
176 


■Sco 


184  I  35 
177  I  23 
300  '  32 
39 
34 
34 
18 
31 
30 


320 
318 
267 
192 
284 


279 
246 
268 
266 
258 
230 
269 
323 
263 
300 
304 
316 
316 
308 
320 
261 
259 


276   30 
10.6 


\t 

s 

sS 

1  ^s 

2 

i 

o 

1.8 
2.2 
3.9 
.9 
.5 
1.4 
4.4 
9.7 
8.8 
9.7 
4.4 
7.9 
7.0 
7.3 
9.2 
6.2 
9.9 
8.6 
5.0 
8.8 

12 
9.6 
7.5 
4.4 
6.0 

10 
4.4 
4.2 
6.0 
7.8 
4.9 
1.6 
1.1 
2.2 
2.6 
2.2 
1.7 


5.6 
2.0 


8.0 
5.5 
3.7 
4.1 
5.9 
2.0 
2.4 
2.7 
2.3 


1.3 
1.6 
2.0 
2.2 
2.7 
2.5 
2.3 
2.5 
2.8 
2.0 
2.3 
2.4 
2.3 
2.5 
2.2 
1.6 
1.9 
3.1 
1.6 
2.0 
2.5 
3.8 


305 
264 
290 
280 
302 
305 
236 
311 
289 
306 
196 
197 
196 
307 
312 
331 
272 
209 
280 
269 
283 
261 
280 
256 
260 
240 
292 
305 
256 
303 
297 
3.34 
329 
291 
300 
286 
292 


279 


a  Analyses  September  12, 1906,  to  February  17,  1907,  by  W.  M.  Barr;  February  18  to  27, 1907,  by  H.  S. 
Spauidbig;  February  28  to  September  13,  1907,  by  Walton  Van  Winkle;  September  14  to  October  3. 1907, 
by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins. 

b  Abnormal;  computed  as  HCOi  in  the  average. 

cFetOf. 
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112        SURFACE  WATERS  EAST  OF  THE  HUNDREDTH  BiERIDIAN. 

Mineral  analyua  of  water  from  West  Fork  of  White  River  near  Indianapolis,  Ind.o- 
[Parts  per  milUon,  unless  otherwise  stated.] 


Date 

>> 

i 

1  ' 

CO 

1 

•3  . 

1 

i 

S3 
CO 

t 

1 

i 

1 

QQ 

0 

t 

From— 

To- 

Sept.  8 

Sept.  18 

25 

18 

0.72 

27 

0.10 

81 

36 

78 

0.0 

301 

67 

1.7 

145 

590 

Sept.  19 

Sept.  28 

20 

12 

.60 

20 

Tr. 

83 

43 

127 

.0 

303 

78 

.5 

262 

-m 

Sept.  29 

Oct.  8 

25 

13 

.52 

22 

.7 

78 

37 

91 

^6.5 

280 

74 

.9 

195 

668 

Oct.  9 

Oct.  19 

15 

5.6 

.37 

11 

.10 

84 

37 

109 

.0 

293 

73 

1. 1 

215 

701 

Oct.  20 

Oct.  31 

10 

5.2 

.52 

8.4 

.10 

93 

138 

.0 

331 

125 

.7 

207 

705 

Nov.  1 

Nov.  11 

10 

11 

1.10 

19 

Tr. 

95 

'38* 

129 

.0 

344 

75  '  1.3 

251 

798 

Nov.  12 

Nov.  21 

10 

8.8 

.88 

14 

.20 

95 

36 

123 

.0 

353 

•79   2.2 

216 

754 

Nov.  23 

Dec.  2 

40 

28 

.70 

18 

Tr. 

73 

27 

44 

.0 

266 

78  13 

63 

448 

Deo.  3 

Dec.  12 

30 

21 

.70 

22 

.13 

77 

34 

47 

.0 

287 

85 

9.7 

72 

474 

Dec.  13 

Dec.  22 

30 

29 

.97 

20 

.20 

71 

33 

26 

.0 

254 

76 

13 

38 

382 

Dec.  23 

Jan.  4 

40 

27 

.68 

16 

.8 

79 

28 

34 

.0 

290 

68 

8.8 

65 

412 

Jan.  5 

Jan.  14 

125 

96 

.77 

13 

.5 

50 

14 

.0 

205 

41 

14 

14  :  249 

Jan.  15 

Jan.  25 

125 

101 

.81 

18 

.6 

48 

*i7" 

20 

.0 

36 

9.5 

13  245 

Jan.  26 

Feb.  4 

20 

25 

1.25 

12 

.10 

79 

26 

20 

.0 

"293' 

66   6.3 

35  378 

Feb.  5 

Feb.  14 

10 

4,8 

.48 

10 

.10 

86 

32 

38 

.0 

349 

61 

7.6 

52  451 

Feb.  16 

Feb.  25 

Tr. 

Tr. 

10 

.10 

82 

29 

38 

.0 

311 

60 

9.7 

60  441 

Feb.  26 

Mar.  7 
Mar.  17 

5 
235 

15 
9.0 

.08 
.20 

79 
62 

31 
23 

49 
26 

.0 
.0 

314 

52 
38 

5.9 
9.7 

65 
30 

454 

Mar.  8 

i24'" 

**.*63' 

305 

Mar.  18 

Mar.  27 

35 

30 

.86 

16 

Tr. 

64 

24 

21 

.0 

"282* 

42 

4.7 

26 

339 

Mar.  28 

Apr.  7 

10 

7.0 

.10 

66 

24 

32 

.0 

266 

47 

10 

46 

351 

Apr.  8 

Apr.  17 

5 

tV'' 

12 

.18 

75 

27 

36 

.0 

281 

55 

5.8 

62  422 

Apr.  18 

Apr.  27 
May  8 

5 

Tr. 

8.8 

.20 

65 

30 

41 

.0 

273 

60 

4.8 

67  414 

Apr.  29 
May  9 

10 

34 

'3*46* 

8.8 

.05 

69 

30 

34 

.0 

280 

59 

6.2 

57  425 

May  19 

10 

10 

.02 

72 

29 

35 

.0 

282 

48 

4.1 

57  !  416 

May  20 

May  30 

20 

so'*" 

"2*56* 

6.8 

.02 

74 

27 

35 

.0 

282 

58 

8.3 

70  1  415 

June  1 

June  10 

80 

52 

.65 

9.6 

.01 

61 

22 

18 

.0 

236 

44 

5.6 

33  343 

June  11 

June  20 

50 

71 

1.42 

23 

.05 

67 

21 

14 

.0 

260 

42 

3.4 

21  332 

June  21 

June  30 
July  11 

25 
60 

16 
13 

.06 
.10 

69 
70 

26 
27 

"29' 

.0 
.0 

298 
298 

45 
49 

7.9 
7.1 

34  365 

July  1 

36* 

*.'72* 

43  380 

July  13 

July  22 

130 

122 

.94 

14 

.05 

66 

19 

17 

.0 

259 

20  i  6.0 

15 

300 

July  23 

Aug  2 

80 

111 

1.39 

9.0 

.01 

72 

22 

26 

.0 

305 

40 

6.6 

27 

357 

Aug.  3 

Aug.  13 

30 

72 

2.40 

15 

Tr. 

74 

28 

31 

.0 

312 

45 

7.8 

38 

415 

Aug.  14 

Aug.  23 

20 

26 

1.30 

11 

.02 

77 

30 

42 

.0 

326 

51 

4.9 

50 

430 

Aug.  24 

Sept.  3 

20 

17 

.85 

12 

.30 

70 

29 

42 

.0 

295 

58 

1.8 

54 

408 

Sept.  4 

Sept  12 

10 

16 

.08 

75 

22 

37 

.0 

298 

47 

4.8 

42  1  396 

Mean.. 
Per  ct. 

39 

38 

1.04 

14 

.15 

74 

29 

48 

.0 

291 

58 

6.1 

78  450 

of  anhy- 

drouj 

1  residue.. 

3.1 

c.O 

16.4 

6.4 

10.7 

31.8 

12.9 

1.4 

17.3  -  -- 

1 

a  Analyses  September  8, 1906,  to  Februarv  14.  1907,  by  W.  M.  Barr;  February  16  to  25, 1907,  by  H.  S. 
Spaulding;  February  26  to  September  12, 1907,  by  Walton  Van  Winkle, 
b  Abnormal;  computed  as  HCOt  in  the  average. 
cFetOi. 
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Mineral  analyses  of  water  from  Wisamsin  River  near  Portage,  TFm.o 
[Parts  per  million  unless  otherwise  stated.] 


Date. 
(1900-7). 


From—  I     To—       S 


Sept.  11 
Sept  21  ' 
Oct.  1 
Oct.  12 
Oct.  23 
Nov.  1 
Nov.  11 
Nov.  22 
Dec.  2 
Dec.  12 
Dec.  23 
Jan.  2 
Jan.  12 
Jan.  23 
Feb.  2 
Feb.  13 
Feb.  24 
Mar.  7 
Mar.  18 
Mar.  29 
Apr.  8 
Apr.  18 
Apr.  28 
May     8 


Sept  20 
Sept  30 
Oct  U 
Oct.  22 
Oct.  31 
Nov.  10 
Nov.  21 
Dec.  1 
Dec.  11 
Dec.  22 
Jan.  1 
Jan.  11 
Jan.  22 
Feb.  1 
Feb.  12 
Feb.  23 
Mar.  6 
Mar.  17 
Mar.  28 
Apr.  7 
Apr.  17 
Apr.  27 
May  7 
May  17 


Mean 

P6r  ct.  of  anhy- 
drous residue. 


.32 


1.00 
1.40 


26 

16 

13 

15 

19 

17 
6.6 
6.4 

16 

22 

15 

16 

15 

13 

13 

13 

11 

10 
9.0 
&8 

18 

11 
7.6 
6.8 


13 
14.3 


0.25 
.40 
Tr. 
.30 
Tr. 


Tr.  I  15 

.10 

.10 

.30 

.40 

.40 

.40 

.20 

.25 

.40 

.20 

.18 

.23 

.20 

.20 

.15 

.20 

.26 

.20 


.22 
C.3 


11 
9.2 
11 
10 
11 


14 
15.4 


7.8 
7.2 
&5 

as 

8.9 
7.3 


14 

6.2 

13 

&4 

4.9 

13 

7.4 

14 

6.8 

15 

7.6 

7.2 

16 

9.6 

18 

6.7 

7.6 

17 

8.3 

15 

7.2 
2.8 
4.8 
4.9 
5.0 
&5 


6.8 
7.5 


9.2 


7.8 

10 
7.6 
7.1 
7.8 
7.6 
9.7 

11 


7.8 
7.3 
5.9 

13 

10 

12 

11 
5.1 
4.3 


&9 
&7 
4.6 


8.1 
8.9 


1. 

r 


.0 
31.5 


J.        • 

I"  t 

n      CO 


58 


17 

18.8 


o 

o 

•o 

^ 

fl»^ 

o 

O 
555 

1 

S" 

1 

2 

^ 

1.3 

a8 

.9 

2.5 

.5 

1.6 

.5 

1.0 

Tr. 

4.0 

Tr. 

2.5 

.4 

L5 

.4 

&0 

1.3 

L3 

.4 

8.2 

Tr. 

.9 

.4 

L8 

1.4 

2.8 

Tr. 

1.8 

2.4 

2.2 

4.5 

1.6 

2.1 

1.9 

1.8 

1.9 

1.8 

1.7 

1.2 

1.0 

.6 

.5 

1.9 

Tr. 

Tr. 

1.5 

.9 

2.1 

1.0 

2.3 

«T3 

3 

&__ 

117 
109 
105 
98 
108 
100 
100 
03 
89 
112 
105 
106 
102 
105 
108 
98 
109 
107 
78 
65 
96 
78 
87 


.9. 
'g 


5.2 
5.3 
4.8 
4.9 
6.5 
6.1 
6.7 
6.8 
6.8 
6.5 


&4 
7.7 
12.3 
9.2 
7.8 
7.9 
7.2 


il 


a  Analyses  September  11, 1906.  to  February  12, 1907,  by  W.  M.  Barr;  February  13  to  March  6, 1907,  by 
H.  S.  Spaulding:  March  7  to  May  17,  1907,  by  Walton  Van  Winkle. 
b  OaRing  station  at  Necedah,  Wis.,  50  miles  below. 
'FejQ*. 
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